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I N T R O D U C T I O N
Heart f a i l u r e  may be d e sc r ib e d  as a c o n d itio n  in  which, w ith  
le s s e n in g  of th e  m uscular power of th e  h e a r t ,  an e f f i c i e n t  c i r c u ­
la t io n  cannot be m ain ta ined , so th a t  th e  t i s s u e s  f a i l  to  rece iv e  
a s u f f i c ie n t  amount of oxygen, and to  be ad eq u a te ly  r e l ie v e d  of 
t h e i r  w aste p ro d u c ts  of m etabolism , such as carbon d io x id e .
The co n g es tiv e  type of h e a r t f a i l u r e  i s  p re se n t when, w ith  
f a i l u r e  o f th e  r ig h t  s id e  of th e  h e a r t ,  a s s o c ia te d  w ith  dim inu­
t io n  in  v e lo c ity  of th e  blood flow , s t a s i s  occurs in  th e  pulmonary 
and system ic c i r c u la t io n s .  The conspicuous c l i n i c a l  symptom of 
co n g es tiv e  c a rd ia c  f a i l u r e  is  dyspnoea, w hich, as Lewis (78) 
e x p la in s , becomes more d i s t r e s s in g  even a t  r e s t ,  w ith  in c re a se  
in  th e  venous co n g estio n , th e  l a t t e r  b e in g  reco g n ised  by such 
s ig n s  as engorgement of v e in s , cy a n o s is , h e p a tic  en largem ent, 
sc a n ty , h ig h -co lo u red  u r in e ,  d ropsy , and th e  s ig n s  of congested  
and oedematous lu n g s .
While th e  red  blood c o rp u sc le s , which fu n c tio n  as t r a n s ­
p o r te r s  of oxygen, and a re  a lso  to  some e x te n t concerned w ith  
th e  c a r r ia g e  of carbon d io x id e , have been s tu d ie d  f a i r l y  
e x te n s iv e ly  in  h e a r t f a i l u r e  w ith  venous co n g es tio n , i t  i s  
n o tic e a b le  from  th e  l i t e r a t u r e  th a t  much more a t te n t io n  has 
g e n e ra lly  been d ir e c te d  to  v a r ia t io n s  o c c u rr in g  in  t h e i r  number, 
th an  to  p o s s ib le  changes o c c u rr in g  in  in d iv id u a l red  c e l l s ,  as 
f o r  example in  t h e i r  s iz e .
For th e  purpose of t h i s  th e s i s ,  th e re fo r e ,  b e s id e s  g iv in g  a 
g en e ra l resume" of th e  l i t e r a t u r e ,  I  have c a r r ie d  out an i n v e s t i ­
g a tio n  in to  th e  volume and d iam eter of th e  e ry th ro c y te s  in  con­
g e s tiv e  h e a r t f a i l u r e ,  as w ell as s tu d y in g , a t  th e  same tim e, 
t h e i r  number and haem oglobin c o n te n t, so th a t  a  more com plete 
p ic tu r e  of p o s s ib le  changes o c c u rr in g  in  red c e l l s  in  t h i s  con­
d i t i o n  might be p re se n te d .
As th e  e ry th ro c y te s  a ls o  p la y  an im portant p a r t  in  th e  
v is c o s i ty  of th e  blood, v a r ia t io n s  in  which a re  known to  occur 
in  c a rd ia c  f a i l u r e  (as in d ic a te d  in  th e  survey  of th e  l i t e r a t u r e ) ,  
i t  was co n s id e red  of i n t e r e s t  to  r e l a t e  th e  study  of th e  s iz e  and 
number of th e  red  c e l l s  to  a s tu d y  of th e  b lood  v is c o s i ty ,  which 
was acco rd in g ly  u ndertaken .
C ongestive h e a r t f a i l u r e  was in  th e  m a jo rity  of cases in 
t h i s  in v e s t ig a t io n  secondary to  ch ro n ic  v a lv u la r  d is e a s e , as f o r  
example, m it r a l  s te n o s is ,  or a o r t ic  r e g u rg i ta t io n  w ith  secondary 
m it ra l  r e g u r g i ta t io n ,  but i t  has a lso  been secondary to  o th e r  
c o n d itio n s , such as ch ro n ic  b ro n c h i t is  and emphysema, adheren t 
p e ric a rd iu m , a r t e r i o - s c l e r o s i s ,  and ch ro n ic  n e p h r i t i s .
The p la n  of th e  in v e s t ig a t io n  was to  stu d y  a  s e r i e s  of 
norm al s u b je c ts  in  o rd e r to  o b ta in  s ta n d a rd  f ig u re s  f o r  comparison, 
f o r  th e  tech n iq u e  employed, and w ith  th e  same te ch n iq u e , to  study 
a s e r ie s  of ca ses  of w e ll-co n p en sa ted  h e a r t d is e a s e , and a s e r ie s  
of c a ses  of co n g es tiv e  h e a r t  f a i l u r e .  I t  was co n sid ered  of 
i n te r e s t  to  add th e  com pensated c a se s , so th a t  th e  r e s u l t s  in  
c a rd ia c  f a i l u r e  m ight be compared w ith  th o se  o b ta in ed  in  cases
where th e  eq u ilib riu m  of th e  c i r c u la t io n  was s t i l l  m ain ta ined .
In  many of th e  h e a r t  f a i l u r e  c a se s , o b se rv a tio n s  were a lso  
made when improvement in  c l i n i c a l  c o n d itio n  o ccu rred , and in  
fo u r  of th e  c a se s , a more d e ta i le d  s tu d y  was made, w ith  fre q u en t 
d e te rm in a tio n s , to  show th e  e f f e c t  of ex a ce rb a tio n s  and rem issions 
of th e  c i r c u la to r y  symptoms. The e f f e c t s  of oxygen a d m in is tra tio n , 
v en e se c tio n , and d iu r e s i s  have a lso  been s tu d ie d .
As f a i l u r e  o f th e  c i r c u la t io n  may be co n s id ered  to  occur 
te m p o ra rily  in  severe  e x e rc is e  in  normal p erso n s (McDowall (8 6 )) , 
i t  was considered  of i n t e r e s t ,  in  a d d i t io n  to  s tu d y in g  cases of 
c a rd ia c  f a i l u r e ,  to  s tu d y  normal s u b je c ts  under such cond i­
t io n s ,  and t h i s  was done in  th re e  s u b je c ts .
The work was c a r r ie d  out a t th e  L iverpoo l H eart H o sp ita l, 
from  th e  wards of which th e  cases  of co n g es tiv e  h e a r t f a i l u r e  
were o b ta in ed . The normal s u b je c ts  com prised members of th e  
m edical and n u rs in g  s t a f f s  o f th e  h o s p i ta l ,  s tu d e n ts ,  and 
p erso n s o b ta in ed  from p r iv a te  so u rces . The cases  of compensated 
h e a r t  d ise a se  were o b ta in ed  from th e  h o s p i ta l  O u t-p a tie n t 
D epartm ent, and from p r iv a te  so u rces.
A ll th e  blood exam inations, f o r  th e  e s tim a tio n  of volume and 
d iam eter of e ry th ro c y te s , e ry th ro c y te  coun t, haemoglobin p e rc e n t­
age, and v is c o s i ty  of th e  b lood , have been c a r r ie d  out by m yself.
M O R P H O L O G Y
A b r ie f  d e s c r ip t io n  of th e  morphology of th e  red  c e l l  seems 
a p p ro p r ia te . I t  i s  g e n e ra lly  d e sc r ib e d  as a biconcave c i r c u la r  
d is c , w ith  a sem i-perm eable membrane, and c o n s is t in g  of two sub­
s ta n c e s , strom a and haem oglobin, to g e th e r  w ith  a  c e r ta in  amount of 
w ater and s a l t s ,  and a lso  a  c e r ta in  amount of l e c i t h in  and 
c h o le s te r in .
Cooke ( 24), in  h i s  recen t d e s c r ip t io n  of th e  human e ry th ro c y te , 
doubts th e  p resence  of a h i s to lo g ic a l  c e l l  membrane, but s t a t e s  
th a t  on th e  su rfa c e  o f th e  c e l l ,  a condensation  of l i p  in. m olecules 
o cc u rs , which acts:as a c e l l  envelope, and p robab ly  has some 
physico -chem ical r e la t io n s h ip  w ith  th e  p ro te in  of th e  strom a. The 
c e l l  membrane has c e r ta in  c h a r a c te r i s t i c  p r o p e r t ie s  of p e rm eab ility , 
in  which i t  i s  b e lie v e d  th a t  th e  l e c i t h i n  and c h o le s te r in ,  b es id es  
m a in ta in in g  th e  in t e g r i ty  of th e  c o rp u sc le s , p la y  an im portant p a r t  
(72 ).
The gas exchange fu n c tio n  of th e  red  c e l l  depands on th e  
p resen ce  of th e  haem oglobin. Mathews (92 ) s t a t e s  th a t  w h ile  th e  
l a t t e r  was g e n e ra lly  assumed to  be in  s o lu t io n  in  th e  co rp u sc le , 
re c e n t o b se rv e rs  nave shown th a t  i t  i s  p rob ab ly  a c o n s ti tu e n t of 
th e  membrane, be in g  d is t r ib u te d  on i t s  su r fa c e .
The red  blood co rp u sc le s  a re  e l a s t i c  and f l e x ib l e ,  and change 
t h e i r  form and volume e a s i ly  under d i f f e r e n t  c o n d itio n s . They 
have c e r t a in  osm otic r e la t io n s h ip s  w ith  th e  plasm a, becoming 
s h r iv e l le d  w ith  c o n c e n tra tio n  o f th e  l a t t e r ,  and sw ollen w ith  w ater,
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when th e  plasma becomes d i lu t e d .
Changes in  s iz e  of th e  e ry th ro c y te s  depend on two e s s e n t i a l l y  
d i f f e r e n t  f a c t o r s  -  physico -chem ica l,  and b i o t i c  (Capps (22) ) .
The physico -chem ical f a c to r s  r e l a t e  c h ie f ly  to  th e  p ro ce ss  of 
osm osis, w h ile  th e  b i o t i c  f a c to r s  a re  concerned w ith  th e  growth 
and development o f th e  c e ll ,  which Capps d e s c r ib e s  as th e  a n a b io tic  
f a c to r ,  and w ith  c e l l  d eg e n e ra tio n , which he c a l le  th e  k a t a b io t ic  
f a c to r .
The average number of red  c e l l s  p re se n t in  h e a l th  i s  u s u a lly  
given as 5 ,000,000 p e r cubic m illim e tre  f o r  m ales, and 
p er c.ram. f o r  fem ales, a lthough  Dyke (59 ) i*1 a rece n t c r i t i c i s m  
o f g en e ra lly  accep ted  normal v a lu e s , s t a te s  th a t  acco rd in g  to  
recen t o b se rv e rs , th e  average re d  c e l l  count f o r  w h ite  m ales i s  
n e a re r  5 ,500,000 p e r c.mm. of b lood . G ulland and Goodall (5^)> 
however, a re  of th e  op in ion  th a t  most co u n ts over 5>000,000,when 
not due to  some obvious cause, a re  g e n e ra lly  to  be accounted  fo r  
by some s l ig h t  co n g es tio n , o r o th e r  c i r c u la to r y  d is tu rb a n c e .
The average d iam eter of th e  red  c e l l  i s  no rm ally  about 7 *5 /*• 
B e ll, Thomas, and Means (11) s t a t e  th a t  th e  m a jo rity  of obser­
v a tio n s  on red  c e l l  d iam eter f o r  bo th  wet and dry  p re p a ra t io n s  
l i e  between 7 *5/6 311(1 8 . 0 /6 . They o b ta in ed  normal averages of 
7 .6 j ji f o r  m ales, and 7*7J*- f ° r  fem ales, th e re  th u s  being  no 
s ig n i f ic a n t  d if fe re n c e  between th e  sexes.
The normal average measurements g iven  by a  few o th e r  w r i te r s  
a re  shown below : -
W riter
Ref.
Mo.
Average
Diameter
in^u^
Cabot 18 7.5
Da Costa 27 7-5
Capps 22 7.85
P ric e -Jo n e s 112 7 .4
Howell 73 7-7
Gulland and Goodal1 57 7-5
Poulton i l l 7-5
Grosh and S t i f e l 55 7.42
McCormick 85 7 .3?
MeDowall 87 7.5
P ric e -Jo n e s  (113 ) has shown th a t  d iu rn a l v a r ia t io n s  in  th e  
s iz e  o f normal red  c e l l s  occur in  a s s o c ia t io n  w ith  body a c t i v i t y ,  
presum ably due to  a l t e r a t i o n  in  b lood  r e a c t io n . These o b se rv a tio n s  
have been confirm ed by P i jp e r  ( 108) . B e ll ,  Thomas, and Means ( l l )  
s t a te  th a t  th e  mean d iam eter o f red  c e l l s  i s  dependent on blood 
r e a c t io n ,  a s h i f t  to  th e  a c id  s id e  cau sin g  an in c re a se  in  d iam eter, 
and a s h i f t  to  th e  a lk a l in e  s id e , causing  a d ec rease . P ric e -Jo n e s  
(113) bas a lso  shown th a t  v io le n t  e x e rc is e  causes a g r e a te r  
in c re a se  in  red  c e l l  d iam eter th an  th a t  o cc u rr in g  w ith  o rd in a ry  
b o d ily  a c t i v i t y ,  which was confirm ed by Wiechmann and Schfirmeyer 
( 129) ,  and by B e ll ,  Thomas, and Means ( l l ) .  Ponder and Saslow (110
however, who o b ta in ed  r e s u l t s  which were a t  v a r ia n c e  w ith  th o se  
of P r ic e -Jo n e s ,a n d  Wiechmann and Schftrmeyer, doubt th e  p resen ce  
o f  a d iu r n a l  v a r i a t i o n ,  or an in c re a se  a f t e r  e x e rc is e .
7
H I S T O R I C A L
A. An attem pt i s  made to  g ive a  b r ie f  and g en e ra l resume of
th e  l i t e r a t u r e  a p p e rta in in g  to  th e  number, s iz e  and haemoglobin 
co n ten t of red  b lood c e l l s ,  and t h e i r  r e la t io n  to  b lood v is c o s i ty ,  
in  ch ron ic  h e a r t  d is e a s e , w ith  s p e c ia l  re fe re n c e  to  co n g estiv e  
h e a r t  f a i l u r e .  I t  w i l l  be no ted  th a t  in  com parison w ith  th e  
a t te n t io n  which has been d ir e c te d  tow ards v a r ia t io n s  in  th e  
number of e ry th ro c y te s  in  c a rd ia c  f a i l u r e ,  very  l i t t l e  work has 
ap p a re n tly  been done on th e  su b je c t o f p o s s ib le  changes o c c u rr in g  
in  t h e i r  volume and d iam ete r.
Cabot (1 9 ) (1898) r e la te d  th e  blood p ic tu r e  in  h e a r t d is e a se  
to  th r e e  s ta g e s
1 . S tage of f u l l  com pensation, in  which no changes occur.
2 . S tage o f acu te  f a i l u r e  of com pensation, w ith  low ering  
o f b lood p re s s u re ,  in  which d i lu t io n  of th e  blood occu rs (more 
marked in  venous th an  in  c a p i l la ry  b lo o d ), and th e  red  c e l l  count 
and haemoglobin p ercen tag e  a re  low ered.
3. S tage of ch ro n ic  cyanosis w ith  p a s s iv e  co n g estio n  of 
in te r n a l  o rgans and p e r ip h e ra l  c i r c u la t io n ,  in  which th e  blood 
shows c o n c e n tra tio n  (more marked in  th e  c a p i l l a r y  b lo o d ), w ith  a 
r a is e d  e ry th ro c y te  count and haem oglobin p e rc e n ta g e . This i s  
co n s id ered  by Oabot an apparen t po lycy thaem ia , which he s ta te s  
i s  g e n e ra lly  p re se n t in  any co n d itio n  in v o lv in g  g en era l c i r c u la ­
to ry  s t a s i s  and cy an o sis  from c a rd ia c  in s u f f ic ie n c y .
In  h is  " C lin ic a l  Haem atology", Da C osta (28 ) (1902) s t a te s
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th a t  in  w ell-com pensated , v a lv u la r  h e a r t  l e s io n s ,  the  b lood  
shows no d e v ia tio n s  from norm al, as  such le s io n s  a re  of 
them selves unable to  produce b lood  changes. With f a i l u r e  of 
com pensation, however, a  hydraem ia or d i lu t io n  of th e  b lood  
mass o ccu rs , w ith  low erin g  o f r e d  c e l l  count and haemoglobin 
p e rce n tag e , which, w ith  th e  e s tab lish m e n t o f s t a s i s  and 
cy an o sis , g iv es  way to  co n c e n tra tio n  of th e  b lood  mass, w ith  
h ig h  haemoglobin v a lu e s  and polycy thaem ia . The l a t t e r ,  which 
he s t a t e s  may be s u f f i c i e n t  to  mask a  c o -e x is t in g  anaem ia, 
and i s  commonly in  th e  neighbourhood of 6 ,000 ,000  red  c e l l s  
p e r c.mm., i s  m ainly due to  the  passage o f f l u i d  from plasm a 
to  t i s s u e s ,  and perhaps to  lo s s  o f w ater th rough  th e  lu n g s .
Da C osta i s  in c l in e d  to  d ep reca te  th e  tendency to  a s s o c ia te  
c e r ta in  b lood co n d itio n s  w ith  d e f in i t e  v a lv u la r  le s io n s ,  a s , 
fo r  example, w ith  m i t r a l  o r a o r t i c  d is e a s e , and s t a t e s  th a t  
th e  g en e ra l d is tu rb a n c e s  dependent on the  le s io n ,  and n o t th e  
le s io n  p e r  se , account fo r  a l t e r a t i o n s  o f the  normal b lood  
p ic tu r e  observed in  h e a r t  d is e a s e .
The views o f e a r l i e r  o b se rv e rs  on th e  s t a t e  o f th e  b lood 
in  h e a r t  d ise a se  w ith  s p e c ia l  re fe re n c e  to  h e a r t  f a i l u r e ,  a re  
w e ll summarized by Ewing (45) (1901), as  fo llo w s : -
1 . In  advanced e n d o c a rd i t is ,  w ith  f a i l i n g  com pensation, 
th e re  i s  a  tendency to  c o n c e n tra tio n  of th e  b lood , a s s o c ia te d  
w ith  th e  e s tab lish m en t o f venous s t a s i s ,  under which circum ­
s ta n c e s  th e  b lood  ten d s  to  lo s e  w a te r, and become r ic h e r  in  
re d  c e l l s ,  more so in  th e  c a p i l l a r i e s  th an  in  th e  v e in s .
2 . This po lycy thaem ia i s  th e  combined r e s u l t  o f  s t a s i s ,  
dyspnoea and cy an o sis , tr a n s u d a tio n  of b lood  serum, and p o s s ib ly  
a lso  of o th e r  obscure f a c to r s  which le a d  to  po lycy thaem ia a t  
h igh  a l t i t u d e s .
3 - A co n d itio n  of r e l a t i v e  hydraem ia sometimes o ccu rs , 
a s s o c ia te d  w ith  a  f a l l  in  re d  c e l l  count.
4 . The tendency to  anaemia i s  u s u a lly  masked by th e  
p e c u lia r  co n d itio n  o f th e  c i r c u la t io n .
5. Regarding in d iv id u a l l e s io n s ,  m it r a l  d is e a se  i s  
u s u a lly  a s s o c ia te d  w ith  po lycy thaem ia , w hile a o r t i c  d is e a se  i s  
u s u a lly  found w ith  l e s s  c o n c en tra ted  b lood , a lthough  v a r ia t io n s  
from t h i s  r u le  a re  known to  occur.
An e a r ly  o b se rv a tio n  on th e  p o s s i b i l i t y  o f changes in  s iz e
o f th e  r e d  c e l l s  in  c a rd ia c  d ise a se  was th a t  made by Vaquez (124)
in  1895, w hich, a lth o u g h  r e f e r r in g  to  c o n g e n ita l h e a r t  d is e a s e ,
and th e re fo re  no t a c tu a l ly  to  c a rd ia c  f a i l u r e ,  i s  n e v e r th e le s s
-  a t  l e a s t  f o r  th e  purposes o f  com parison -  
co n sid ered  o f s u f f i c ie n t  im portance to  be mentioned,A&s anoxaemia
and cy a n o s is , to  which he r e l a t e s  h is  f in d in g s , a re  b o th  fe a tu re s
o f co n g estiv e  h e a r t  f a i l u r e .  Vaquez found th a t  b e s id e s  a
p ro g re ss iv e  in c re a se  in  th e  number o f  e ry th ro c y te s  in  c a rd ia c
cases a tte n d e d  by ch ro n ic  cy an o sis , th e re  a ls o  o ccu rred  an
in c re a s e  in  t h e i r  in d iv id u a l  s iz e .  He w r i te s :  "L 'augm entation
du nombre des g lo b u le s  ro u g es, n * e s t pas l a  se u le  m o d if ic a tio n
im portan te  que l 1on c o n s ta te  dans l e  sang des m alades a t t e i n t s
de cyanose chron ique. J* a i en e f f e t  remarque^que chez ces memes
s u je t s ,  l e s  hem aties p r e s e n ta ie n t  a ssez  h ab itu e llem e n t une
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augm entation de volume, egalem ent p ro g re s s iv e  e t pouvant 
a t te in d r e  de f o r t e s  p r o p o r t io n s ."
He found th a t  th e  in c re a se  in  s iz e  of th e  in d iv id u a l red  
c e l l s  in  such cases  was a s s o c ia te d  w ith  a  co rresp o n d in g  in c re a se  
in  th e  haemoglobin co n ten t of th e  c e l l s  and to  quote h is  own 
words concluded th a t  " . . .  chez l e s  cy an o tiq u es , l e  g lobu le
V /  /  /rouge e s t ,  a  l a  longue , charge d*une q u a n ti te  p lu s  co n s id e rab le  
d*hem oglobine, en meme temps que son volume s * a c c ro it .»
Vaquez reg a rd s  th e  In crease  in  number and s iz e  of th e  red  
co rp u sc le s  in  th e se  ca ses  as  a  d e fen s iv e  r e a c t io n  a g a in s t th e  
tendency to  d e f ic ie n t  oxygenation  of blood from d is tu rb a n c e  of 
r e s p i r a to r y  fu n c tio n . In  o th e r  w ords, as  ex p ressed  by him 
(125 ) in  "D iseases o f th e  H e a rt" , th e  in o rea se  in  s iz e  o f red  
co rp u sc le s  in  ch ron ic  cyanosis has th e  same o b je c t as  th e  
in o rea se  in  number, namely, to  compensate f o r  th e  anoxaemia, 
and in c re a se  th e  r e s p ir a to ry  c a p a c ity  of th e  blood.
I t  i s  in te r e s t in g  to  n o te , however, th a t  a lthough  th e  in c re ase  
in  s iz e  of th e  e ry th ro c y te s  was regarded  as being  due to  th e  same 
cause as th e  in c re a se  in  number, i t  ap p a re n tly  d id  no t oocur a t 
th e  same tim e as th e  l a t t e r ,  f o r  Vaquez (124 ) found th a t  i t  was 
u s u a lly  n o t m an ife s ted  u n t i l  some tim e a f t e r  th e  po lycythaem ia 
had developed .
A nother e a r ly  re fe re n c e  to  th e  s iz e  o f re d  c e l l s  i s  th e  
o b se rv a tio n  o f E ig e r ( 40 ) in  1909> in  ca ses  of emphysema w ith  
c a rd ia c  d i l a t a t i o n ,  where he found th a t  b e s id e s  an in c re a se  in  
th e  number o f red  c e l l s  from p e r ip h e ra l  s t a s i s ,  th e re  a lso  
o ccu rred  an in c re a se  in  th e  volume o f o e l l s  in  p ro p o rtio n  to
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plasm a, which In many cases  was a s s o c ia te d  w ith  in c re a se  in  
volume of th e  in d iv id u a l red  c e l l s .
In  h i s  c o n tr ib u t io n  to  *A System of M edicine*, D rysdale 
(37) (1905), co n s id ered  th a t  th e  r i s e  in  red  c e l l  count 
o c c u rr in g  in  cy an o sis  accompanying g en e ra l venous engorgem ent, 
as in  v a lv u la r  h e a r t d is e a se  w ith  f a i l u r e  o f com pensation, was 
p robab ly  due to  a l t e r a t i o n  in  th e  c i r c u la t io n ,  whereby th e  red  
c e l l s  accum ulated to  some e x te n t in  th e  p e r ip h e ra l  v e s s e ls .
Buchanan (1 6 ) (1909) s t a te s  th a t  in  w ell-com pensated  
cases of v a lv u la r  h e a r t  d is e a s e , th e re  i s  no blood change, 
but th a t  w ith  f a i l u r e  of com pensation, th e re  may a t f i r s t  be 
a  * se ro u s  p le th o ra*  and a  f a l l  in  haem oglobin and e ry th ro c y te s  
in  th e  p e r ip h e ra l  b lood , and th a t  when s t a s i s  i s  e s ta b lis h e d  
th e  p e r ip h e ra l  blood may show po lycy thaem ia w ith  in c re a se d  
v is c o s i ty .
In  h i 8 review  on po lycy thaem ia , eT y th ro cy to s is  and 
ery th raem ia , P arkes Weber (128 ) (1908) co n s id e rs  th a t  b lood- 
s t a s i s  (impeded c i r c u la t io n )  a f f e c t in g  a  la rg e  p o r t io n  of th e  
body may p robab ly  sometimes g ive r i s e  to  a  secondary (g e n e ra l)  
a b so lu te  po lycy thaem ia , as w e ll a s  more d i r e c t ly  to  a  ( lo c a l)  
r e l a t i v e  po lycy thaem ia , and th a t  g e n e ra lly  speak ing , th e  red  
blood c e l l s  a re  in c re a se d  in  im p erfec t oxygenation  of th e  
blood and t i s s u e s  in  c i r c u la to r y  d is tu rb a n c e s  due to  ch ro n ic  
h e a r t  c o n d itio n s . P arkes Weber upholds th e  view th a t  th e  
in c re a se  in  number o f  red  c e l l s  i s  a  com pensatory r e a c t io n  
f o r  d e f ic ie n t  oxygenation  of th e  t i s s u e s ,  as a t  a u to p s ie s  on
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cases of ch ron ic  cy an o sis  of c a rd ia c  d is e a s e  (and a lso  of 
pulmonary d is e a s e ) ,  he no ted  t h a t ,  a lth o u g h  th e  red  co lo u r 
of th e  bone-marrow of th e  s h a f ts  of long  bones was due p a r t ly
to  engorgement w ith  b lood , ev idence of abnormal h aem atopo ie tic
a c t iv i t y  was a lso  p re s e n t .  P arkes Weber f u r th e r  s t a t e s  th a t  
th e  in c re a s e  in  v is c o s i ty  p re se n t w ith  in c re a se d  number of 
red  c e l l s ,  i s  dem onstrated  in  th e  blood from p a t ie n t s  w ith  
po lycy thaem ia and cy an o sis  of c a rd ia c  o r  pulmonary o r ig in ,  in  
whom th e  v is c o s i ty  o f th e  blood was r a is e d .
In  h is  review  on th e  v is c o s i ty  of th e  b lood , A llb u tt (2 )
(1911), s t a t e s  th a t  in  d is e a s e s  o f th e  h e a r t ,  excess of CO2 
r a i s e s  th e  v is o o s i ty  and ren d e rs  th e  blood stream  s lu g g ish . 
Access o f oxygen, however, le s s e n s  th e  v i s c id i t y  of th e  b lood, 
th e reb y  e a s in g  th e  h e a r t ,  and fo rw ard in g  th e  blood stream . 
A llb u tt quo tes Von K oranyi, who found th a t  in h a la t io n  of oxygen 
was fo llow ed  by a  re d u c tio n  in  th e  number of red  c e l l s ,  which 
helped to  reduce th e  v is c o s i ty .
Coming to  th e  more re c e n t l i t e r a t u r e  on th e  su b je c t under 
in v e s t ig a t io n ,  (where more a t te n t io n  i s  a lso  given to  th e  
number of red  c e l l s  th an  to  in d iv id u a l c e l l s ,  ap p a ren tly  l i t t l e  
work hav in g  been done on th e  s iz e  of e ry th ro c y te s  in  h e a r t  
f a i l u r e )  S a h li  (120 ) (1918) s t a t e s ,  th a t  th e  blood p ic tu r e  in  
ch ro n ic  venous s t a s i s  may s im u la te  po lycy thaem ia , owing to  
r e te n t io n  of co rp u sc le s  in  th e  c a p i l l a r i e s  from th e  slow 
c u r re n t .  On th e  o th e r  hand, po lycy thaem ia may a c tu a l ly  
r e s u l t ,  s in ce  c e r ta in  o rgans, in  consequence of t h i s  Ms i f  t in g "
of c o rp u sc le s , co n ta in  too  l i t t l e  haem oglobin, and th e re fo re  
more a c t iv e  blood fo rm a tio n  r e s u l t s ,  due to  fu n c tio n a l  ad ap ta ­
t io n  of th e  bone marrow.
In  "D iseases of th e  H eart and A orta", H irso h fe ld e r  (69) 
(1918) s t a t e s  th a t  w h ile  in  compensated h e a r t  d is e a s e , th e  
blood v is c o s i ty  i s  unchanged, in  venous s t a s i s ,  a s so c ia te d  
w ith  po lycy thaem ia , i t  r i s e s  c o n s id e ra b ly , and in  th e  hydraem ia 
o f te n  a s s o c ia te d  w ith  an asa rca  and "broken com pensation", th e  
v i s c o s i ty  i s  d im in ished .
Emerson (41) (1921 ) w r i te s  th a t  w h ile  c a rd ia c  com pensation 
i s  good, th e  blood i s  norm al, but w ith  hydraem ia of th e  b lood , 
th e  red  coun ts a re  low, and w ith  ch ro n ic  s t a s i s  and cy a n o s is , 
th e  count r i s e s ,  and may conceal an anaemia.
In  th e  course  o f an in v e s t ig a t io n  on th e  s iz e  of red  
blood c e l l s  in  emphysema, P r ic e -Jo n e s  (114) (1922) e s tim a ted  
red  c e l l  d iam ete rs  (w ithou t co rresp o n d in g  volume in d ic e s )  in  
15 c a ses  of co n g estiv e  h e a r t  f a i l u r e .  While he found th e  
average o f th e  mean red  c e l l  d iam ete r v a lu e s  f o r  th e  emphysema 
c a se s  to  be h ig h e r  th a n  th a t  f o r  th e  h e a lth y  s u b je o ts , th e  
average o f th e  mean red  c e l l  d iam e te rs  f o r  th e  h e a r t f a i l u r e  
c a se s  was, co n tra ry  to  h is  e x p e c ta tio n s , no t s ig n i f i c a n t ly  
d i f f e r e n t  from th e  norm al average . There was, however, a  
s l i g h t ly  g re a te r  v a r ia t io n  in  th e  red  c e l l  d iam eter v a lu es  
f o r  th e  h e a r t  f a i l u r e  ca ses  than  f o r  th e  h e a lth y  s u b je c ts ,  
a lthough  no t to  th e  same ex ten t as  f o r  th e  emphysema c a se s .
In  th e  15 ca ses  of o a rd iac  f a i l u r e  s tu d ie d  by P r ic e -Jo n e s ,
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th e  in d iv id u a l  le s io n s  have no t been n o ted , n o r were th e  r e s u l t s  
r e la te d  to  th e  c l i n i c a l  co n d itio n s  of th e  p a t i e n t s  a t th e  tim e 
of making th e  o b se rv a tio n s . As b o th  th e se  f a c to r s  should  probably  
be tak en  in to  c o n s id e ra tio n  in  a s tudy  of th e  s iz e  of red  blood 
c e l l s  in  co n g es tiv e  h e a r t  f a i l u r e ,  i t  i s  co n s id e red  by th e  w r i te r  
th a t  d e f in i t e  co n c lu s io n s  cannot be drawn from P r ic e - J o n e s fs 
s e r ie s  o f r e s u l t s ,  except th a t  i t  i s  p o s s ib le  f o r  th e  s iz e  of th e  
e ry th ro c y te s  in  h e a r t  f a i l u r e  w ith  dyspnoea, cyanosis, and venous 
co n g estio n , to  show no d e v ia tio n  from th e  norm al. In  any ca se , 
P r ic e - J o n e s 1 s in v e s t ig a t io n  i s  r e a l ly  in  connection  w ith  
emphysema, w ith  which h is  co n c lu s io n s  a re  c h ie f ly  concerned.
In  “D iseases of th e  H ea rt” , Cowan and R itc h ie  (26 ) (1922) 
s t a t e  th a t  th e  cy an o sis  o f h e a r t  d is e a se  i s  u s u a lly  accompanied 
by po lycy thaem ia which Gibson (quoted  by Cowan and R itc h ie  (26)) 
suggested  was a  com pensatory change, due to  th e  le sse n e d  
a c t iv i t y  of th e  red  c e l l s  as oxygen c a r r i e r s .
An e ry th ro c y to s is ,  or a b so lu te  in c re a se  in  red  blood c e l l s ,  
which i s  com pensatory in  n a tu re , i s  a lso  s ta te d  by Monro (9 9 )
0.925 ) , in  “A Manual of M edicine", to  occur in  ca ses  o f  cy an o sis , 
th e  l a t t e r  being  f re q u e n t ly  th e  r e s u l t  o f d e f ic ie n t  oxygenation 
o f th e  b lood .
Anders and Boston (4) (1925) s t a te  th a t  when a  haem atolo- 
g ic a l  study i s  made in  t r ic u s p id  r e g u r g i ta t io n ,  when e f fu s io n  
in to  se ro u s sacs has o ccu rred , and oedema of th e  subcutaneous 
t i s s u e s ,  and cy an o sis  of th e  e x tre m it ie s ,  axe p re s e n t ,  th e  
number of red  c e l l s  p e r  c.mm. o f blood o f te n  exceeds th a t  of
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th e  norm al. They quo te ca ses  of cyanosis  th a t  th ey  have seen, 
in  which th e  red  c e l l s  numbered from 5 , 000,000  to  8 , 000,000  p e r 
c.mm., w ith  a  haem oglobin p e rcen tag e  of from 90 to  100 , and 
s ta te  th a t  t h i s  In c re a s e  in  red  c e l l s  and haemoglobin r e s u l t s  
from th e  blood condensation  fo llo w in g  th e  e x tra v a s a tio n  of i t s  
l iq u id  elem ents in to  th e  t i s s u e  spaces and se ro u s c a v i t i e s .
In  v a lv u la r  h e a r t  d is e a s e  w ith  good com pensation, th e  
v is c o s i ty  of th e  b lood , acco rd ing  to  G ulland and Goodall (58) 
(1925) rem ains unchanged. In  h e a r t  f a i l u r e  w ithou t oedema i t  
te n d s  to  be in c re a se d , more so w ith  th e  p resen ce  of po lycy­
thaem ia, and in  h e a r t  f a i l u r e  w ith  oedema, i t  i s  g en e ra lly  
d ec re ased . The same w r i te r s  f u r th e r  s t a t e  th a t  th e  number 
o f red  co rp u sc le s  i s  no t u s u a lly  r a is e d  in  f u l ly  compensated 
h e a r t d is e a s e ,  o r  in  a o r t i c  r e g u r g i ta t io n  w ith  f a i l u r e  of 
com pensation, but th a t  i t  i s  u s u a lly  above norm al in  m it ra l  
d is e a s e  when com pensation has f a i l e d ,  and in  many c o n d itio n s  
of ch ro n ic  s t r a in  and d i l a t a t i o n  ( e .g .  emphysema, ch ron ic  
b ro n c h it is }  w ithout v a lv u la r  d is e a s e , in  which com pensation 
i s  in ad eq u a te .
That an e ry th ro c y to s is ,  o r  ab so lu te  in c re a se  in  red  c e l l s ,  
occurs w ith  f a i l i n g  c i r c u la t io n  and inqperfeot oxygenation  of 
th e  t i s s u e s ,  i s  s ta te d  to  be th e  oase by F i tz  (46) in  th e  
"Oxford M edicine11, and Abbott ( l )  (1927), in  O s ie r  and M cCrae's 
"Modern M edicine", b o th  w r i te r s  s t a t in g  th a t  t h i s  in c re a se  in  
e ry th ro c y te s  i s  a s s o c ia te d  w ith  an in c re a se  in  b lood volume.
In  d e s c r ib in g  p h y s io lo g ic a l  e ry th ro c y to s is ,  such as occurs
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a t h igh  a l t i tu d e s  from d e f ic ie n c y  of oxygen, P iney  (109) 
w r i te s  “Such p h y s io lo g ic a l  e ry th ro c y to s is  has p a th o lo g ic a l  
c o u n te rp a r ts :  f o r  example, th e  poor a e ra t io n  o f th e  blood in  
ch ron ic  morbus c o rd is  i s  accompanied by an in c re a se  in  th e  
number o f  red  c o rp u s c le s .“ P iney  d e s c r ib e s  t h i s  as a sympto­
m atic  po lycy thaem ia .
A s im ila r  secondary po lycy thaem ia , o r e ry th ro c y to s is ,  which 
i s  an e f f o r t  on th e  p a r t  of th e  h aem ato p o ie tic  system  to  compen­
s a te  f o r  d e fe c tiv e  oxygenation  of th e  b lood , i s  s ta te d  by 
T h u rs f ie ld  (123) to  be observed in  th e  cy an o sis  o f f a i l i n g  
c i r c u la t io n .
F rench  (51) c o n s id e rs  th a t  such a secondary polycythaem ia 
is  an a ttem p t on th e  p a r t  of n a tu re  to  condensate  f o r  th e  f a i l i n g  
c i r c u la t io n ,  by d i s t r i b u t i n g  th e  haemoglobin over a  l a r g e r  
co rp u sc u la r  a re a .
In  h i s  review  on polycy thaem ia , Harrop (64) (1928) , s t a t e s  
th a t  a lth o u g h  po lycy thaem ia o f te n  accondanies h e a r t d is e a s e , 
where i t  r a r e ly  exceeds 7 m il l io n  red  c e l l s ,  and occurs more 
o f te n  in  m it r a l  d is e a s e  than  in  a o r t i c  d is e a s e , and in  c a ses  
where emphysema e x i s t s ,  o r  secondary changes occur in  th e  lu n g s , 
i t  has n e v e r th e le s s  been observed th a t  many ca ses  o f severe  
h e a r t d is e a s e  w ith  secondary lung  changes, show no in c re a se  in  
blood count w hatever.
In  d e s c r ib in g  th e  in c re a se  in  th e  r ic h n e s s  of co rp u sc le s  
in  c o n g e n ita l  h e a r t  d is e a s e , where th e  number p e r  c.mm. may 
reach  J , 000,000  o r  more, Muir (100 ) (1929 ) , in  h i s  “Textbook of
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P ath o lo g y ” s ta te s  th a t  a  s im ila r  change, though le s s  in  d eg ree , 
may be observed  in  ch ro n ic  venous co n g estio n  in  c a rd ia c  c a se s , 
e .g . ,  in  m it ra l  s te n o s is .  Muir s t a t e s  th a t  t h i s  in c re a se  in  
red  c e l l s  i s  to  be reg ard ed  as a  com pensatory one, r e s u l t in g  
p robab ly  from th e  f a c t  th a t  a  d im in ished  amount of blood 
p a sse s  th rough  th e  lu n g s in  u n it  o f tim e.
In  a study  o f haemoglobin p e rcen tag e  and red  c e l l  count in  
B rig h t* s  d is e a s e , m yocard ial f a i l u r e ,  and h y p e rte n s io n , Ashe (7) 
(1929), inc luded  ca ses  o f co n g estiv e  c a rd ia c  f a i l u r e  o cc u rr in g  
in  p a t i e n t s  ( i )  w ith  ch ron ic  n e p h r i t i s ;  ( i i )  w ithou t n e p h r i t i s ;  
and ( i i i )  w ith  h y p e rte n s io n . The cases  of c a rd ia c  decompensa­
t io n  no t a s s o c ia te d  w ith  n e p h r i t i s  o f any ty p e , were used  as 
c o n tro l  c a se s . Ashe found th a t  in  a l l  th r e e  ty p e s  of h e a r t  
f a i l u r e ,  th e  red  c e l l  count was r e l a t iv e l y  h ig h  compared w ith  
th e  haem oglobin p e rc e n ta g e , so th a t  th e  co lo u r  index in  con­
g e s tiv e  h e a r t  f a i l u r e  was c h a r a c t e r i s t i c a l l y  low.
B. A b r i e f  survey of th e  l i t e r a t u r e  reg a rd in g  v a r ia t io n s  in
red  c e l l  co u n t, haemoglobin p e rce n tag e , and s iz e  of in d iv id u a l 
red  c e l l s  a f t e r  v io le n t  e x e rc is e , i s  co n v en ien tly  given h e re .
V io len t e x e rc is e  appears to  be g e n e ra lly  a s so c ia te d  w ith  
in c re a s e  in  red  blood c e l l  count and haem oglobin p e rc e n tag e . This 
in c re a se  has been p u t down to  v a r io u s  cau ses , which a re  c h ie f ly :  
( i )  c o n c e n tra tio n  o f th e  blood; ( i i )  l ib e r a t io n  o f a d d i t io n a l  
co rp u sc le s  from th e  c a p i l l a r i e s ;  and ( i i i )  sp le n ic  c o n tra c tio n .
C o n cen tra tio n  o f th e  b lood caused  by in c re a se d  p e r s p i r a t io n  
a f t e r  severe  m uscular work was co n s id e red  by Boothby and Berry 
(15) (1915) to  be th e  cause of th e  in c re a se  in  red  c e l l s  and
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haem oglobin, and in  t h i s  connection  Anders and Boston (5) 
r e f e r  to  a "p h y s io lo g ic a l polycythaem ia" fo llo w in g  p h y s ic a l 
ex e rc ise  w ith  p ro fu se  p e r s p i r a t io n .
Hawk (6£) (1903), Dautrebande and Davies (29) and P e te r s ,  
B ulger, Eisenman and Lee (IO7) a l l  co n sid ered  th a t  the  in c re a s e  
in  red  c e l l s  or haem oglobin p e rcen tag e  o b ta in ed  a f t e r  s h o r t  
v igorous e x e rc is e , was a s s o c ia te d  w ith  th e  l ib e r a t io n  o f 
a d d i t io n a l b lood  c e l l s  from s ta g n a n t c a p i l l a r i e s ,  from the 
in c re a se d  b lood  flow  and v a s c u la r  d i l a t a t i o n  which th e  e x e rc ise  
produced.
Dorothy Dufton (38) o b ta in ed  an in c re a se  o f re d  c e l l s  
a f t e r  exposure to  ca rb o n ic  a c id , and made th e  su g g es tio n  th a t  
any f a c to r ,  such as v io le n t  e x e rc is e , which produces a tem porary 
r i s e  in  th e  co n c e n tra tio n  of ca rb o n ic  a c id  in  th e  b lo o d ,w ill  
produce a  co rrespond ing  fo rm ation  o f f re s h  co rp u sc le s .
In  th e  e x e rc ise  experim ents of Scheunert and Krzywanek 
(quoted  by B aro ro ft and Poole (9 ) ) ,  where in c re a s e  in  e ry th ro c y te  
count and t o t a l  co rp u scu la r volume occu rred , B a rc ro f t and Poole 
(9) co n sid ered  th a t  c o n tra c tio n  o f th e  sp leen  was an im p o rtan t 
mechanism in  g iv in g  an increm ent of c o rp u sc le s , a lthough  i t  may 
no t have been re sp o n s ib le  fo r  th e  whole phenomenon.
I t  appears a lso  t h a t  in c re a s e s  in  re d  b lood  co rp u sc les  
a f t e r  e x e rc is e  can ta k e  p la c e  v ery  q u ic k ly , and o ften  be f a i r l y  
c o n s id e ra b le . Wadi (quo ted  by A rnold and Krzywanek (6 )) found 
ra p id  and o f te n  co n s id e rab le  in c re a s e s  in  re d  c e l l s  in  young 
people on e x e r tio n  under c o n d itio n s  of s p o r t .
He reco rd s  one case where he n o tic e d  an in c re a s e  of
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e ry th ro c y te s  by 800,000 in  one cub ic  m il l im e tre  of b lood. I t  
i s  i n te r e s t i n g  to  n o te  th a t  Arnold and Krzywanek ( 6 ) found th e  
in c re a se  in  number of red  c e l l s  a f t e r  b o d ily  e x e r tio n  to  be 
g e n e ra lly  more marked in  blood from a l a r g e r  v e in  than  In 
blood from c a p i l l a r y  re g io n s , a lth o u g h  of th e  c a p i l l a r y  a re a s , 
th e  blood from th e  f in g e r  t i p  showed an in c re a se  in  red  c e l l s  
which more n e a rly  approached th a t  observed in  th e  venous b lood.
R egarding th e  s iz e  of red  c e l l s ,  P r ic e -Jo n e s  (113), as 
p re v io u s ly  m entioned, found a  d e f in i t e  in c re a se  to  occur in 
th e  s iz e s  of red  c e l l s  (as shown by in c re a se  in  t h e i r  mean 
d iam ete r v a lu e s )  a f t e r  sh o rt v io le n t  e x e rc is e . In c re a s e  in  
d iam ete r was a lso  o b ta in e d  by Wiechmann and Sch&rmeyer (129) 
w ith  overcharges of ca rb o n ic  ao id  in  th e  b lood a f t e r  b o d ily  
e x e r t io n . T his in c re a s e  in  re d  c e l l  d iam ete r a f t e r  e x e rc is e  
h as , however, been doubted  by Ponder and Saslow (110).
M E T H O D S
(a) S ize of Red C e l l s .
In  t h i s  p a r t  of th e  work, both  th e  volume of th e  in d iv i ­
dual e ry th ro c y te , r e l a t iv e  to  th e  normal (as  exp ressed  by th e  
volume in d ex ), and i t s  d iam eter value in  m icrons, have been 
es tim a ted , th e  form er by th e  haem ato crit method, and th e  l a t t e r  
by th e  p ro je c t io n  method suggested  by P ric e -Jo n e s  (113).
I .  The h aem ato crit volume index .
The haem atocrit i s  an in strum en t which reco rd s  th e  corpuscu­
l a r  volume p ercen tag e  of th e  blood, and c o n s is ts  o f a haem ato crit 
head a tta c h e d  to  a c e n tr ifu g e  machine. The h aem ato crit head i s  a 
m etal fram e, h o ld in g  two f in e  c a p i l l a r y  tu b e s , g raduated  in  
hundred ths, which are  f i l l e d  w ith  b lood , and c e n tr i fu g a l is e d  
u n t i l  th e  co rp u sc les  a re  sedim ented.
The e a r l i e r  o b se rv a tio n s  w ith  th e  h aem ato crit were concerned 
c h ie f ly  w ith  th e  volume of th e  packed c e l l s ,  and Capps (22) 
p laced  th e  su b je c t on a  more p r a c t i c a l  b a s is ,  by su g g estin g  th e  
term  "volume index" as in d ic a t in g  th e  average volume of th e  
in d iv id u a l red  c e l l .
The volume index i s  th e  r a t io  of th e  h aem ato crit read in g  
expressed  as a  p e rcen tag e  of th e  norm al, to  th e  red  c e l l  count 
exp ressed  as a  p e rcen tag e  o f th e  norm al. Thus, as d esc rib ed  by 
R ossdale (116) ,  where th e  h aem ato crit read in g  i s  5°*°> which i s  
th e  normal read in g , and s a id  to  be 100 p e r  c e n t . ,  and where th e  
re d  c e l l  count i s  5 ,000 ,000  p e r  c.mm., which i s  a  normal coun t,
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which i s  s a id  to  be 100 p er c e n t . ,
h a e m a to c rit p er c e n t. 100
the  volume index -    = --------  r  1
re d  c e l l  count p er c e n t . 100
R ossdale s t a t e s  t h a t  i t  may be concluded th a t  th e  normal 
l im i t s  o f th e  volume index  l i e  between 0 .90  and 1 .0 0 . Capps (22) 
o b ta in ed  an average read in g  fo r  volume index  of 0.99* in  k is  
s e r ie s  o f  10 normal s u b je c ts ,  th e  range of v a r ia t io n  being  from
O.96 to  I .0 5 .
Regarding th e  b lood  to  be used  w ith  th e  h a e m a to c r it, Capps 
i s  o f th e  op in ion  th a t  th e  b e s t  r e s u l t s  a re  o b ta in ed  by th e  use 
o f b lood , w ithout added a n t i-c o a g u la n t .  This i s  confirm ed by 
R ossdale (116) , who b e s id e s  u s in g  c a p i l la ry  whole b lood , a ls o  
used  c i t r a t e d  and o x a la te d  c a p i l la ry  b lood , and c i t r a t e d  venous 
b lood , w ith  d e f in i t e  p ro p o rtio n s  o f  b lood and c i t r a t e  s o lu t io n ,  
and found th a t  the c a p i l l a r y  whole b lood  method gave the  most 
a ccu ra te  re a d in g s , b o th  in  normal and d ise a se d  s t a t e s .  The o th e r  
methods gave d e f in i t e ly  low er re a d in g s , so t h a t  R ossdale d isc a rd ed  
them in  favour o f th e  c a p i l l a r y  whole b lood method, w hich, when 
employed, gave a  norm al average h aem ato c rit read in g  o f 50.
With reg a rd  to  th e  r e l i a b i l i t y  of h aem ato c rit re a d in g s , 
Rowntree and Brown (117) in  t h e i r  study  o f th e  volume of b lood  
and plasm a, s t a t e  th a t  a lthough  h aem ato crit read in g s  have re c e n tly  
been q u es tio n ed  as to  r e l i a b i l i t y ,  t h e i r  ex p erien ce  w ith  350 cases , 
and more than  1000 d e te rm in a tio n s  o f  b lood volume, le a d s  them to  
co n sid er th a t  h ae m a to c rit read in g s  are  r e l i a b l e  fo r  a l l  p r a c t i c a l  
p u rposes.
2 2
Campbell ( 20) found by experim ent th a t  th e  h aem ato crit method 
was v a l id  as a means of m easuring r e l a t i v e  s iz e  of co rp u sc les  
d i f f e r in g  as a r e s u l t  of osm otic change, in  s p i t e  of th e  f a c t  th a t  
i t  was co n sid ered  th a t  th e  c e l l s  were su b je c te d  to  too  much p r e s ­
sure  by r o ta t in g  in  th e  c e n tr i fu g e , so th a t  no t r u e  e s tim a te  of 
t h e i r  s iz e  could  be o b ta in ed . In  re p ly  to  such c r i t i c i s m ,  however, 
Campbell s t a t e s  th a t  i f  th e  c o n d itio n s  observed in  each case  are  
th e  same, so th a t  com pression d u rin g  r o ta t io n  ten d s  to  cause a  
s im ila r  degree o f change in  each experim ent, a com parison between 
th e  s iz e  of co rp u sc le s  in  v a rio u s  c o n d itio n s  may s t i l l  be made, 
even i f  th e  a b so lu te  s iz e  i s  somewhat m odified .
In  t h i s  in v e s t ig a t io n  f in e  c a p i l l a r y  tu b e s  were used  ( t h i s  
b e in g  an e s s e n t i a l  p o in t in  th e  e s tim a tio n  of red  c e l l  volume, as 
se p a ra tio n  i s  slow and incom plete i f  a  wide tu b e  i s  used (3 5 )) , 
and th e  h aem ato crit head was p ro v id ed  w ith  a  screw adjustm ent to  
ho ld  th e  tu b e s  in  p o s i t io n ,  and p rev en t blood from escap ing . The 
c a p i l l a r y  tu b e s  were c lean ed  w ith  1 p e r  c e n t, a c e t ic  a c id , fo llow ed  
by d i s t i l l e d  w ater and a b so lu te  a lc o h o l, and th en  d r ie d  w ith  e th e r .  
C a p illa ry  blood w ithou t added a n ti-c o a g u la n t was u sed , and two 
tu b e s  f i l l e d  in  each c a se , as a c o n tro l  of th e  r e s u l t s .  G reat ca re  
was tafcen to  p rev en t co a g u la tio n  by sc rupu lous c le a n l in e s s  and 
speed in  o p e ra tio n , th e  blood b e in g  p la ced  on th e  c e n tr ifu g e  
w ith in  a  few seconds a f t e r  w ithdraw al, f o r  which purpose th e  
c e n tr ifu g e  was s e t  up n e a r  th e  ward.
The h aem ato crit was used  on a  w ater-m otor c e n tr ifu g e , a c t in g
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under w ater p re s s u re . When th e  c e n tr ifu g e  was ro ta te d  as ra p id ly  
as p o s s ib le ,  th e  speed, reco rded  by a cyclom eter ty p e  of re v o lu ­
t io n  co u n te r , was found to  be 3,000  re v o lu tio n s  p e r  m inute. In  
o rd e r to  f in d  th e  tim e of d u ra tio n  of c e n t r i f u g a l i s a t io n  to  
sedim ent norm al blood com pletely  w ith  t h i s  c e n tr i fu g e , a  s e r ie s  
of s ix  p re lim in a ry  o b se rv a tio n s  were made on th e  w r i t e r 's  b lood , 
and i t  was found th a t  a c o n s ta n t re ad in g  f o r  t o t a l  c e l l  volume 
was o b ta in ed  a f t e r  c e n t r i f u g a l i s in g  f o r  J O  m inu tes a t  a  speed of 
3,000  r e v o lu tio n s  p e r  m inute. In each ca se , c e n t r i f u g a l i s a t io n  
was allow ed to  co n tin u e  up to  40 m inu tes, and fre q u en t read in g s  
ta k e n , but i t  was found th a t  a co n s tan t rea d in g  was o b ta in ed  
a f t e r  30 m inu tes, a f t e r  which no a l t e r a t i o n  in  read in g  o ccu rred , 
lo rm al whole blood was th u s  com pletely  sedim ented w ith  t h i s  cen­
t r i f u g e  in  30 m inuted, a t  a  speed o f 3,000  r e v o lu tio n s  p e r  m inute, 
and by u s in g  th e  same c e n tr ifu g e  a uniform  tech n iq u e  -  c o n s is t in g  
of th e  above speed and tim e of d u ra tio n  of c e n t r i f u g a l i s a t io n  -  
was employed throughout t h i s  in v e s t ig a t io n  f o r  th e  e s tim a tio n  of 
t o t a l  red  c e l l  volume. I t  may be m entioned th a t  th e  tech n iq u e  
th a t  I have used co rresponds to  th a t  employed by Howntree and 
Brown (117) who a lso  ro ta te d  t h e i r  c e n tr ifu g e  f o r  J O  m inutes a t  a 
speed of 3,000  r e v o lu tio n s  p e r  m inute.
In  th e  p re lim in a ry  o b se rv a tio n s  above m entioned, an 
average h aem ato crit re a d in g  of JO  was o b ta in ed , w ith  a  
co rresp o n d in g  average red  c e l l  count o f J t 0 Q J t 0 0 0 .
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The read in g s  a re  shown below 
H aem atocrit V alues:
50, 50, 51 , 48 , 51 , 50.
(average  50)
Red C e ll C ounts:
5 ,008 ,000 ; 5 ,040 ,000 ; 5 ,072 ,000 ;
4 ,992 ,000 ; 5 ,05^ ,000 ; 5 ,104 ,000 .
(average 5 ,045,000)
The maximum d e v ia tio n  from th e  mean in  th e  above haemato­
c r i t  re a d in g s  was 4 Pe r  c e n t . ,  and th e  average read in g  o f 50
corresponds to  th a t  o b ta in ed  by R ossdale ( l l 6 ) ,  and to  the
g e n e ra lly  accep ted  normal re a d in g .
I I . Red C e ll D iam eters.
The p ro je c t io n  method o f P r ic e -Jo n e s  (11J) has been used 
in  t h i s  work fo r  d e te rm in a tio n  o f r e d  c e l l  d ia m e te rs , w ith  a 
s l i g h t  m o d if ic a tio n  in  th e  method o f measurement.
Blood was o b ta in ed  by p r ic k in g  the  f in g e r ,  and film s  made 
in  th e  o rd in a ry  way. These were d r ie d  in  th e  a i r ,  w ithout 
h e a t ,  and s ta in e d  in  Jen n er* s s t a in  fo r  two m inu tes, and 
a f te rw ard s  in  an aqueous s o lu t io n  of e o s in  (5 p e r  c e n t .)  fo r  
two m inu tes, to  in te n s i f y  th e  s t a i n .
By p la c in g  a s tro n g  lamp beh ind  a  m icroscope, a  convenien t 
form o f p ro je c t io n  ap p a ra tu s  was a rran g ed , so th a t  th e  image o f 
the  m ic ro sco p ic £161  d was p ro je c te d  on to  a  sh e e t o f p ap e r, 
f ix e d  to  th e  w a ll. A th in  p o r tio n  of th e  f ilm  was chosen, 
where th e  c e l l s  were w e ll s e p a ra te d , and 200 re d  c e l l s  were
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then  o u t l in e d  in  p e n c i l .  Care was taken  to  ta k e  only rounded 
c e l l s ,  any showing c re n a t io n  being  d isc a rd e d .  The f i e l d  was 
moved a f t e r  every  5 t o  10 c e l l s ,  in  o rd e r  to  o b ta in  as g re a t  a 
v a r i a t io n  as p o s s ib le ,  and a f t e r  o u t l i n in g  200 c e l l s ,  th e  b lood- 
s l i d e  was removed, and a s l i g h t  m o d if ic a t io n  made in  th e  method 
by p r o je c t in g  th e  c o u n t in g -s l id e  of a  Thoma-Zeiss haemocytometer 
on to  th e  same f i e l d ,  and r u l in g  in  a few la rg e  coun ting  squares .
The maximum d iam eter  and th e  minimum d iam ete r  of each red 
c e l l  were measured as a c c u ra te ly  as p o s s ib le  w ith  a m i l l im e tr e  
s c a le ,  and th e  average o b ta in ed , and a f t e r  f in d in g  th e  average 
f o r  th e  200 c e l l s  th e  e s t im a tio n  of th e  a c tu a l  red  c e l l  d iam eter  
was then  a r r iv e d  a t by comparison w ith  a  s ide  of th e  counting  
square . This i s  bes t i l l u s t r a t e d  by an example : -
Suppose th e  average of th e  maximum and minimum d iam eters  
of th e  200 red  c e l l s  was found to  be 10 .5  mm., and th e  le n g th  
of each s id e  of th e  haemocytometer square on th e  same f i e l d  to  
be 7 °m. (70 mm.);
The co u n tin g  square a c tu a l ly  measures sq. mm., so th a t  
each s id e  i s  ^  mm., hence on th e  m icroscopic f i e l d  "JO mm. 
corresponds to  mm. in  a c tu a l  measurement. The c a lc u la t io n  
i s  th en  made as  fo llo w s  : -
J O  mm. corresponds to  mm.
. . 10 .5  mm. R
1
9 x 10 .5  mm.
—
= 0.0075 mm.
o r  7*5 m icrons, o r
T herefore  th e  average or  mean red  c e l l  d iam eter  value f o r  
t h i s  p a r t i c u l a r  blood would be taken  as  7
In  t h i s  p a r t i c u l a r  c a se ,  th e  microscope had e v id e n t ly  been 
se t f o r  a  m ag n if ica t io n  of 1,400 d iam ete rs , which would th e r e fo r e  
be th e  m ag n if ica t io n  i f  th e  microscope was s e t  every tim e in  th e  
same p o s i t io n ,  and a t th e  same d is ta n c e  from th e  w a ll .  However, 
th e  c o u n t in g -s l id e  was p r o je c te d  on to  th e  m icroscop ic  f i e l d  in  
every case to  o b ta in  accuracy  as f a r  as p o s s ib le .
D espite  th e  e r r o r s  in tro d u ce d  in to  t h i s  method by changes 
ta k in g  p la c e  in  blood c e l l s  d u r in g  th e  d ry in g  and s t a in in g  of 
f i lm s ,  P r ic e - J o n e s  (113) has shown th a t  a lthough th e  d iam ete rs  
in  d r i e d  f i lm s  were sm alle r  than  th o se  in  moist p r e p a ra t io n s ,  
n e v e r th e le s s  th e  changes in  th e  one p re p a ra t io n  were p a r a l l e l  
to  th o se  in  th e  o th e r .  He recommends th e  dry f i lm  method as 
th e  b es t  f o r  ro u t in e  u se .
As to  th e  number of re d  c e l l s  measured, P r ic e -Jo n e s  (113) 
c o n s id e rs  t h a t  a  number between 200 and 500 g iv e s  reasonab le  
accuracy , and f o r  th e  sake of convenience, has worked out 
a r b i t r a r y  s tan d ard s  o f  d i f f e r e n c e s  based on s t a t i s t i c s ,  by 
means of which i t  can be s a id ,  accord ing  to  th e  number of c e l l s  
measured, w hether a  d i f f e r e n c e  between two means i s  r e a l  and 
s i g n i f i c a n t ,  o r  p robab ly , but not c o n c lu s iv e ly ,  r e a l .  These 
s ta n d a rd s  of d i f f e r e n c e s  a re  expressed  in  a b so lu te  v a lu es ,  and 
based  on th e  p r in c ip l e  of 5 t im es  th e  p robab le  e r r o r  of th e  
d i f f e r e n c e  between two means, which P r ic e - J o n e s  cons idered
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would allow f o r  such e r r o r s  as th o se  due to  d i f f e r e n c e s  in  th e  
making, and r a t e  of d ry in g ,  of th e  f i lm s ,  e r r o r s  of measurement, 
and so f o r t h ,  which were not s u f f i c i e n t l y  covered by th e  o rd in a ry
3- t im e s  r u le .  For 200 c e l l s  (which i s  th e  number measured in  
t h i s  work) P r ic e -Jo n e s  s t a t e s  th a t  a  d i f f e re n c e  between two means 
of 0 . 3 2 ^ ,  would be reg ard ed  as r e a l  and s ig n i f i c a n t .
In t h i s  in v e s t ig a t io n ,  t h e r e f o r e ,  a  d i f f e re n c e  between two 
average red  c e l l  d iam ete rs  of O . 3 2 o r  more, has been regarded 
as being  r e a l  and s i g n i f i c a n t .  On th e  o th e r  hand, d i f f e r e n c e s  
between 0.25^u and O . J Z y U  have been regarded  as p robab ly , 
a l though  not c o n c lu s iv e ly ,  r e a l ,  w h ile  d i f f e re n c e s  below O.25^ u .  
have g e n e ra l ly  been d is reg a rd e d .
(b) Red C e ll  C ounts.
These were made w ith  th e  Thoma-Zeiss haemocytometer, an 
average of two read in g s  being  taken  in  each case .
(c) Haemoglobin.
The haemoglobin d e te rm in a t io n s  were made by a  H aldane 's  
haemoglobinometer, shown by Meakins and Davies (9 3 ) to  
a c c u ra te  w ith in  about 1 p e r  c e n t . ,  i f  s u f f i c i e n t  ca re  be taken .
The c o lo u r  index was e s t im a te d  in  th e  u su a l  way.
(d) V isc o s i ty  of th e  Blood.
V isc o s i ty  e s t im a t io n s  were no t commenced u n t i l  a t  a 
s l i g h t l y  l a t e r  s tag e  of th e  i n v e s t ig a t io n ,  but th e  method 
employed i s  co n v e n ien t ly  d esc r ib ed  h e re .
A uniform  techn ique  was again  used, a l l  th e  v i s c o s i ty
2 8
d e te rm in a t io n s  be ing  made w ith  th e  Hess v is c o s im e te r ,  which 
p ro v id e s  a simple and a c c u ra te  method f o r  th e  c l i n i c a l  d e t e r ­
m ination  of blood v i s c o s i t y ,  u t i l i z i n g  only a  small q u a n t i ty  
of blood. The p r in c ip l e  u n d e r ly in g  t h i s  instrum ent i s  based 
on P o i s e u i l l e !8 law, which s t a t e s  th a t  f l u i d s  under equal 
tem pera tu re  and p re s su re  p a s s in g  th rough  c a p i l l a r y  tubes  of 
equal r a d iu s ,  vary in  t h e i r  r a t e  of flow in  d i r e c t  p ro p o r t io n  
to  t h e i r  v i s c o s i t i e s .  C a p i l la ry  blood was used , w ithou t added 
a n t i - c o a g u la n t , th e  l a t t e r  being found to  be unnecessary , as 
a f t e r  a  l i t t l e  experience  w ith  th e  in s trum en t, a  v i s c o s i ty  
d e te rm in a t io n  could be made very q u ic k ly , p ro v id in g  th e  c a p i l l a r y  
tu b es  were kep t p e r f e c t l y  c le a n .  This was done by never  le a v in g  
th e  blood in  co n tac t  w ith  th e  c a p i l l a r y  tube lo n g e r  than  n eces­
sa ry ,  e x p e l l in g  i t  d i r e c t l y  a f t e r  com pleting  a d e te rm in a t io n ,  
and r i n s in g  th e  tube w ith  ammonia.
The a c tu a l  v i s c o s i ty  e s t im a tio n s  were made by comparison 
w ith  d i s t i l l e d  w ate r ,  th e  v i s c o s i ty  of which eq u a ls  1 . 0 . The 
w r i t e r  from tim e to  tim e t e s t e d  th e  v isc o s im e te r  by u s in g  
d i s t i l l e d  w ater in s te a d  of blood, and i f  th e re  was any d e v ia t io n  
from 1 .0  in  th e  v i s c o s i t y  of  th e  w ate r ,  th e  tu b e s  were thoroughly  
c lean sed , and th e  t e s t  rep e a te d ,  u n t i l  th e re  was no d isc repancy .
Regarding tem p era tu re , th e  Hess v is c o s im e te r  c a r r i e s  a  
thermometer by which th e  tem pera tu re  can be n o te d . According 
to  Dr. Hess -  as s t a t e d  in  th e  in s t r u c t io n s  f o r  use of th e  
instrum ent -  th e  b es t tem pera tu re  f o r  th e  d e te rm in a t io n s
2 9
should, be from 17° 0 . to  20° C . , th e  p o s s ib le  v a r i a t io n s  
o cc u rr in g  w ith in  t h i s  range be ing  n e g l ig ib le ,  fo r  c l i n i c a l  
pu rposes. In  t h i s  in v e s t ig a t io n  the  v i s c o s i t y  e s t im a tio n s  
were c a r r i e d  out a t  a p r a c t i c a l l y  co n s tan t tem pera tu re  of 
17° 0 .
In  view of d iu rn a l  v a r i a t io n s  in  the  haemoglobin con ten t 
of th e  b lood , as observed  by D reyer, B aze tt and P ie rc e  (36 ), 
and a lso  by R abinovitch  (115) ,  and o f  p o s s ib le  d iu rn a l  v a r i a ­
t io n s  in  th e  s iz e  of th e  r e d  c e l l s ,  as  p re v io u s ly  in d ic a te d ,  
the  b lood  specimens i n  t h i s  work were taken  a t  about the  same 
time in  th e  a f te rn o o n .
R E S U L T S
Normal S u b je c ts .
A s e r i e s  of 12 normal su b je c ts  were s tu d ie d ,  and th e  r e s u l t s  
are  shown in Table I .
The fo l lo w in g  averages were ob ta ined
Haem atocrit read in g  5O.O8; red  c e l l  count , 000;
haemoglobin 96 p e r  c e n t . ;  volume index 0.99» mean diam eter 
va lue  7-48^-t ; co lour  index 0.95*
Normal Sub jec ts  a f t e r  V io len t E x e rc is e .
As p re v io u s ly  s t a t e d ,  3 normal su b je c ts  were s tu d ie d  a f t e r  
s h o r t ,  v io le n t  e x e rc is e .  The form of e x e rc is e  employed was s ta n d ­
in g -ru n n in g , a s  r a p id ly  as  p o s s ib le ,  t o  exhaustion . A ll th re e  
su b je c ts  were h e a lth y  young m ales, two of whom (Dr. S .S. and W.R.J.) 
were s tu d ied  fo r  Table I .  By an i n t e r e s t i n g  co inc idence , th e  
former -  namely, Dr. S ch e in fe in ,  to  whom I express  my thanks f o r  
a c t in g  as a su b jec t  f o r  th e  experiment -  had been used as a 
h ea lth y  su b je c t  by Long* in  a s tudy  of l a c t i c  ac id  in  th e  blood 
of normal r e s t i n g  males.
The r e s u l t s  before  and immediately a f t e r  e x e rc is e ,  a re  given 
in  Table I I ,  and in  th e  case  of Dr. S .,  and W .R .J . , th e  e x e rc is e  
experiment was performed ju s t  a f t e r  th e  blood had been examined 
f o r  Table I .  In  o rder  to  f a c i l i t a t e  quickness of work im m ediately 
a f t e r  th e  e x e rc is e ,  I was a s s i s t e d  in  th e  ta k in g  of blood specimens 
in  th e se  experim ents by th e  House P h y s ic ian , Dr. I re n e  Papenfus, t o  
whom my thanks  a re  a lso  due.
* Long, C. N .H ., Journ. P h y s io l . ,  Camb., 1924 , LVIII, 455*
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Q f e w
I t  w i l l  be seen th a t  in  th e  3 c a se s ,  th e re  has occurred , 
a f t e r  v io le n t  e x e rc is e ,  an in c re a se  in  red  c e l l  count, haemo­
g lob in  pe rcen tag e , and t o t a l  red  c e l l  volume. These in c re a se s  
were ap p a re n tly  of rap id  occurrence , and in th e  case of Dr. S . , 
and W .R.J., th e  counts were in c re ase d  by over 500,000 red c e l l s  
p e r  c.mm., and th e  haemoglobin va lu es  by 12 and 10 p e r  cen t,  
r e s p e c t iv e ly .
The volume and d iam eter  of th e  in d iv id u a l  red  c e l l s  were 
a lso  in c re ase d  a f t e r  v io le n t  e x e rc is e .  According to  th e  
standard  of d i f f e re n c e s ,  a l l  th r e e  s u b je c ts  showed r e a l  and 
s ig n i f i c a n t  in c re a se s  in  average red  c e l l  d iam eters  a f t e r  exer­
c i s e ,  namely 0 .
E.P. The corresponding  in c re a se s  in  volume index w e r ^ l 2 p e r  
c e n t . ,  7 Pe r  c e n t . ,  and 11 p e r  c e n t . ,  r e s p e c t iv e ly .
No m a te r ia l  change was noted in  th e  co lo u r  index.
Normal V is c o s i ty .
Although v i s c o s i ty  d e te rm in a tio n s  in  t h i s  work were no t 
commenced u n t i l  a f t e r  th e  f i r s t  12 cases  of conges tive  h e a r t  
f a i l u r e  shown in  Table VI were s tu d ie d ,  i t  seems a p p ro p r ia te ,  
when d e a l in g  w ith  normal s u b je c ts ,  to  s t a t e  th e  normal v i s c o s i ty  
r e s u l t s ,  a t t h i s  s ta g e .  The techn ique  has a lre ad y  been d e sc r ib e d .
Hess ( 68 ) put th e  range of normal v i s c o s i ty  in  males from
4-0  to  5 .5 ,  w ith  an average of 4 *74 , and in  fem ales from 4*0 to  
5 . 4 , w ith  an average of 4 *4 * He co n s id ered  th a t  v i s c o s i ty  va lues  
of  below 4*3 and above 5*3 ^  abnormal in  m ales, and below 3*9 
and above 4-9 as abnormal in  fem ales.
in Dr. S . , 0 . 37J *  in  W .R .J ., and O.42j u  in
32
The normal range of v i s c o s i ty  accord ing  to  a few o th e r  
ob se rve rs  i s  as  fo llow s
H irsch  and Beck (79 ) from 4-50 to 5*89*
Bence (12 ) from 4-37 t 0 6 . 80 .
Betermann(34) from 4*05 to 5-54*
Table I I I  g ives  th e  v i s c o s i t y  v a lu e s  o b ta in ed  by th e  
w r i t e r  in  10 normal, s u b je c ts ,  most of whom were again  members 
of th e  h o s p i t a l  s t a f f ,  to g e th e r  w ith  a  few s tu d e n ts .
T A B L E  I I I
VISCOSITY READINGS IH NORMAL SUBJECTS
Sex
V isc o s i ty  
(Water = 1 . 0 )
M 5-5
F 5.0
M 5.6
M' 5-4
F 4.8
M 5*3
F 5-3
F 5 .4
M 5.9
F 5.0
Average 5.32
33
The average v i s c o s i ty  f o r  th e  two sexes was 5 -32 . This i s  
in  f a i r l y  c lo se  agreement w ith  th e  average normal v i s c o s i ty  
v a lu e s  of 5*45 and 5.30 f o r  males and fem ales r e s p e c t iv e ly ,  
which H a r r i s  and McLoughlin (6 l)  o b ta in ed  w ith  th e  same v i s c o s i ­
m eter, in  t h e i r  re ce n t  s tudy  of th e  v i s c o s i t y  of th e  blood in  
h igh  blood p r e s s u re ,  c a r r i e d  out a t  th e  L iverpoo l Heart H o sp i ta l .  
They co n s id ered  any v i s c o s i ty  above 6 o r  below 4 > whether f o r  
male o r  fem ale , as be ing  abnormal, and t h i s  c r i t e r i o n  of d i f f e re n c e  
has been adopted in  th e  p re se n t  in v e s t ig a t io n .
Compensated H eart D ise a se .
A s e r i e s  of 20 c a se s  o f  f u l l y  compensated h e a r t  d is e a s e  ( th e  
m a jo r i ty  of which had ch ro n ic  v a lv u la r  l e s i o n s ) ,  have been 
s tu d ie d .  They a re  d iv id ed  in to  two groups, th e  f i r s t  com prising 
12 c a se s  w ith  r e s u l t s  shown in  Table IV, s tu d ied  befo re  v i s c o s i ty  
d e te rm in a t io n s  were commenced, and th e  second, com prising  a f u r t h e r  
s e r i e s  of 8 c a se s ,  w ith  r e s u l t s  in  Table V ., in  which v is c o s i ty  
e s t im a tio n s  a re  inc luded .
From a  comparison of th e  average r e s u l t s  f o r  th e  20 cases  
com pris ing  T ables IV and V, w ith  th o se  f o r  th e  h e a l th y  s u b je c ts  
in  Table I ,  i t  was found th a t
(a)  The average volume and d iam eter  of th e  in d iv id u a l  red
c e l l s  in  th e  compensated h e a r t  c a se s ,  showed no d e v ia t io n  
from th e  average volume and d iam eter  of th e  red  c e l l s  of th e  
h e a lth y  s u b je c ts .
(b) The average red  c e l l  count of th e  compensated cases
was almost s im i la r  to  th a t  of th e  normal s u b je c ts ,  a lthough  
a few in d iv id u a l  ca ses  (mostly of a o r t i c  r e g u r g i ta t io n )
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tended to  show a s l i g h t  o r  moderate d im inution  in  red  c e l l s ,  
while a few cases  (m ostly of m i t r a l  s te n o s is )  tended  to  show 
a s l ig h t  in c rease  in  red  c e l l s  above normal.
(c) The averages f o r  haemoglobin percen tage  and co lo u r  index
were only s l i g h t l y  below th e  co rrespond ing  averages fo r  th e  
normal s u b je c ts .
(d) The average blood v is c o s i ty  ( c a lc u la te d  from th e  second 
group of ca ses )  was w ith in  normal l i m i t s ,  and w as ,in  f a c t ,  
p r a c t i c a l l y  s im i la r  to  th e  average value f o r  blood v i s c o s i ty  
ob ta ined  in  th e  10 normal s u b je c ts  in  Table I I I .
The f in d in g s  in  th e  above s e r i e s  of 20 cases  shown in  Tables
IV and V, ap p a ren tly  confirm  what has been s t a t e d  in  th e  l i t e r a t u r e
re g a rd in g  f u l l y  compensated h e a r t  d is e a s e  -  namely, t h a t  th e  red  
c e l l  count, haemoglobin p e rce n tag e , and v i s c o s i ty  o f  th e  blood, 
a re  e s s e n t i a l l y  normal. This in v e s t ig a t io n ,  however, su p p l ie s  
th e  a d d i t io n a l  in fo rm ation  th a t  th e  volume and d iam ete r  of th e  
in d iv id u a l  red  blood c e l l s  a re  a lso  normal.
Congestive Heart F a i l u r e -
The ^writer has s tu d ie d  40 cases  of co n g es tiv e  h e a r t  f a i l u r e .  
The r e s u l t s  f o r  36 of th e s e  cases  axe shown in  Tables VI and V II,
w h ile  th o se  f o r  th e  rem ain ing  fo u r  cases  s tu d ie d  in  g re a te r  d e t a i l  
a r e  shown s e p a r a te ly  in  t h e i r  r e s p e c t iv e  t a b l e s .  In  Table VI 
a re  shown th e  r e s u l t s  f o r  th e  12 c a se s  s tu d ie d  befo re  v i s c o s i ty  
d e te rm in a t io n s  were commenced, w hile in  Table V II, v i s c o s i ty  
read in g s  axe inc luded . Blood v i s c o s i ty  was a lso  e s tim a ted  in  two 
of th e  fo u r  cases  s tu d ie d  in  g re a te r  d e t a i l .
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While most of th e  p a t i e n t s  th a t  have been studied, su f fe re d  
from severe  co n g es tiv e  c a rd ia c  f a i l u r e ,  le a d in g  in  some cases 
to  dea th  of th e  p a t i e n t ,  f o r  th e  sake of comparison, a few 
p a t i e n t s  w ith  l e s s  severe degrees of h e a r t  f a i l u r e  have a lso  
been included.
The 36 cases  com pris ing  Tables VI and VII a re  d esc r ib ed  
l a t e r  in  th e  summary of th e  case r e p o r t s .  On both  T ab les , 
however, a no te  i s  given on each p a t i e n t* s  c o n d i t io n ,  degree 
of dyspnoea (as f a r  as could be gauged c l i n i c a l l y ,  and which 
in p a t i e n t s  w ith  orthopnoea, in d ic a te s  the  degree of a d d i t io n a l  
r e s p i r a to r y  d i s t r e s s ) ,  cy an o s is ,  and oedema, p re se n t  a t  the  
tim e of making th e  o b se rv a tio n ,  so as to  help  to  c o r r e l a t e  th e  
r e s u l t s  w ith  th e  degree of th e  f a i l u r e ,  and w ith  any s p e c ia l  
f e a tu r e  of c l i n i c a l  c o n d i t io n .
Measurement of th e  degree of dyspnoea, cy an o s is  and oedema, 
as  f a r  as could be gauged from c l i n i c a l  o b se rv a tio n , has been 
a r b i t r a r i l y  made as fo llow s
Dyspnoea.
....................  Not p re se n t  in  bed.
+ ....................  S l ig h t .
++   Moderate.
*+♦ ....................  S ev e re .
Cyanosis
....................  None observed.
S I ig h t ....................................  J u s t  v i s i b l e  b lu is h  co lo u r .
♦   Moderate.
•m*........................ ....................  Marked.
Oedema.
Marked ....................  P i t t i n g  of e n t i r e  le g  and th ig h  -
i . e . ,  e n t i r e  lower e x t re m it ie s  
invo lved .
Moderate ....................  P i t t i n g  of le g  below knee, bu t
s l i g h t  or no p i t t i n g  of th ig h .
S l ig h t  ....................  Confined to  ank les  and f e e t .
N i l . ....................  Unrecognised oedema.
A dd itiona l d a ta ,  such as a s c i t e s ,  an asarca , e t c . ,  have been 
n o ted  where a p p l ic a b le .
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T A B L E  VI 
CASES OF CONGESTIVE HEART FAILURE
se
0. Sex Age D iagnosis Dat e Condit ion Dyspnoea Cyanosis
r
Oedema
Red C e lls  
p e r  cmm.
Haemo­
g lo b in
*
Haema­
t o c r i t
Reading
Volume
Index
Colour
Index
Aver. 
Diam. 
in  /U R esu lt
1 11 65 A r t e r i o - s c l e r o s i s ;  Myocardial Degenerat ion
18 .2 .29
1 . 4.29
S erious
Improved
4- + 4. 4-
very  s i .
Moderate
N il
5 , 760,000
5 , 016,000
98
90
63
50
1.09
0.99
O.85
O.89
7 .87
7.50
D ischarged 
improved 6 .4-29
2 H 58 Chronic I n t e r s t i t i a l  N e p h r i t i s ;  
A r t e r i o - s c l e r o s i s ;  M yocardial 
Degenerat ion
20 .3 .29
7 .5 .2 9
Serious
S I . improve- 
ment
+ 4-4. 
4 +
4 4.
4
Marked;
s i; lu m b ar  back
S lig h t
5,480,000
5,052,000
90
34
61
53
1.11
1.05
0.82
O.85
7.98
7-72 Died
21 .6 .29 S er io u s 4- 4- 4. 4. Mod e ra te 5,600,000 90 61 1.09 0.80 7 .90 24 -6.29
23 .6 .29 Worse 4- 4- 4- 4. 4. d o . 5,820,000 92 64 1.10 0-79 7.90
M 67 A r t e r i o - s c l e r o s i s ;  Chronic 
B ro n c h i t is  and Emphysema
23 .3 .29
27 .4 .29
S e r io u s
Improved
+ 4-
4-
4- 4- 
4
Moderate
N il
6,072,000
5,256,000
105
95
67
54
1.10
1.03
0 .86
0.91
7-90
7-60
D ischarged 
inproved 1 - 5- 29
< M 38 Rheumatic and S y p h i l i t i c  Heart 
D isease ; M it ra l  S te n o s is ,  
A ortic  R e g u rg i ta t io n
12 . 4.29 S erio u s 4- + + 4 4 Moderate;
a s c i t e s
5,600,000 90 65 1.10 0 .80 7 .86 Died suddenly
28 .4 .29
15 F 30 Rheumatic Heart D isease ; M itra l  
S te n o s is ;A u r ic u la r  F i b r i l l a t i o n
1 3 - 4.29 Mild
f a i l u r e
+ 4 S lig h t 5 ,120,000 86 53 1.03 0.84 7-64 Discharged 
inproved 5-6.29
!6 F 32 Rheumatic H eart D isease ; M itra l  
St e n o s is ;  A u r ic u la r  F i b r i l l a t i o n
1 4 . 4.29 S erious 4- 4. 4. 4 4 Moderate;
a s c i t e s
6 ,000 ,000 100 68 1.15 O.85 8 .0 0 Went home a g a in s t  
advice  21 .4 .29
!7 F 36 Rheumatic Heart D isease ; M itra l 
St enoe i s , and R egurg it a t  ion
16 . 4.29 Mild
f a i l u r e
4. --- S lig h t 5 ,040,000 83 52 1.05 0 .82 7-67 D ischarged 
improved 1 .6 .2 9
b
89
F
F
19
48
Rheumatic H eart D isease ; M itra l  
S ten o s is  and R e g u rg i ta t io n ;  
A ortic  R e g u rg i ta t io n
Rheumatic Heart D isease ; M itra l 
S ten o s is  and R e g u rg i ta t io n
1 8 . 4.29
2 4 . 4.29 
28 .4  • 29
1 5 . 5.29
Very
s e r io u s
S erious 
ySl. inpmre- ( ment 
Much b e t t e r
4» >4 +
4. 4- 4- 
4- 4-
4
4
4
very s i .
Anasarca;
a s c i t e s
Anasarca;a s c i t e s
much l e s s
w , . )
4 .640.000
4 .440 .000
5,000,000
4 .768 .000
74
70
88
85
51
48
54
49
1.09
1.11
1.08
1.02
0-79
0.82
0.88
O.89
7-84
7-97
7-81
7-56
Died
26 . 4.29
D ischarged 
inproved 8 .6 .2 9
30 F 60 Chronic B ro n c h i t is  and Emphysema; 
Myocardial D egenera tion ;
A u ricu la r  F i b r i l l a t i o n
25 . 4.29
2 3 . 5.29
Serious
Improved
4 4 + 
+
4 4 
+
Moderate
N il
6 .428.000
5.570 .000
108
99
72
59
1 .1 4
1.06
O.84
O.89
8 .10
7.80
D ischarged 
inproved 8 .6 .29
31 F 37 Rheumatic H eart D isease ; M itra l  
S ten o s is ;  A u r ic u la r  F i b r i l l a t i o n
2 6 . 4.29 Mild
f a i l u r e
+ very  s i . S l ig h t 5 ,000,000 85 48 0.96 O.85 7-48 D ischarged 
inproved 15 .6 .2 9
32 F 3? E xophthalm ic G o itre ;  A u ricu la r  
F i b r i l l a t i o n 1 5 .6 .2 9 M ild , F a i lu r e
4- — S l ig h t 4 ,860 ,000 80 50 1.02 0.82 7-51 D ischarged 
inproved  1 .8 .2 9
t a b l e  V I I
OASES OF CONGESTIVE HEART FAILURE (WITH VISCOSITY ESTIMATIONS)
3ase
No.
1——
Sex Age D iagnosis Date C ond ition Dyspnoea
Cyan­
os is ^Oedema
Red C e l ls  
p e r  cmm.
Haemo­
g lob in
*
Haema­
t o c r i t
Reading
Volume
Index
Colour
Index
Aver. 
Diam. 
lU y U
V is-
c o s i ty  
(Water 
= 1 .0 ) R e su lt
r
33 F 25 S y p h i l i t i c  Heart D isease ; A o rt ic  R e g u rg i ta t io n
18 .6 .29 F .s e r io u s -t ■+ s i . S l ig h t 4 , 730,000 74 50 1 .0 5 O.78 7-64 7 .0 T ra n s fe r re d
2 6 .6 .29
34 M 21 Rheumatic Heart D isease ; M itra l  
S te n o s is ,  A u r ic u la r  F i b r i l l a t i o n
19 .6 .29 Very
s e r io u s
+ *+ + 4 Anasarca;
jA sc ites
4,520,00C 73 51 1 .12 0.80 8.03 5.0 Died 2C .6.29
35 M 50 Chronic I n t e r s t i t i a l  N e p h r i t i s ;  
A r t e r i o - s c l e r o s i s ;  M yocardial 
D egenera tion ; Emphysema
A fte r  oxygen ...
3 -7-29
do.
20 .7 .29
S erious
do.
Improved
<+ +
e a s i e r  
v e ry  s i .
♦ +
l e s s
s i .
Moderate
do.
n i l
6 ,204,000
5,800,000
5 , 372,000
105
100
96
70
63
54
1 .15
1 .08
1 .00
O.84
0.86
O.90
8 .08
7 .8 2
7 .56
11.6
9 .6
6 .5
D ischarged  him­
s e l f ,  c o n d i t io n  
improved, 
24 . 7.29
36 F 66 S y p h i l i t i c  Heart D isease ; 
A o rt ic  R e g u rg i ta t io n
1 9 . 7.29
22 .7 .29
29 . 7.29
S erious
F a i r
S e r io u s
+ ' + s i .
81.
81.
S l ig h t
do.
Moderate
4 ,800,000
4 ,688 ,000
4,864 ,000
80
78
80
51
49
53
1 .06
1 .0 4
1 .08
O.83
O.83
0.82
7-75
7-59
7-78
7.8
7-4
8 .0
Died 1 . 8.29
3 1 . 7.29 Worse,dy ing •+ ■+ -»■ 4 do. 5 ,128,000 82 55 1 .07 O.79 7 .7 8 8 .6
37 F 36 Chronic Parenchymatous N e p h r i t i s ;  
M yocardial D egenera tion
26 . 7.29
19 . 9.29
F .s e r io u s  
Worse
+ •* 
4- <+ ■+
81 .
do.
Moderate
do. 
s i . lu m b a r  
fback
4 ,840 ,000
4 ,244 ,000
75
60
52
45
1 .0 7
1 .06
0-77
O.70
7-79
7-74
7-9
7-1 Died 29 .9 .29
38 M 49 Chronic B ro n c h i t i s  and Emphysema; 
A u r ic u la r  F i b r i l l a t i o n
5 . 8.29 S erio u s +  ♦ + 4 4 Moderate;
a s c i t e s
7 ,000 ,000 116 76 I .0 9 O.83 7-90 12 .4 T ra n s fe r re d
22 .11 .29
39 M 31 S y p h i l i t i c  Heart D isease ; 
A o rt ic  R e g u rg i ta t io n
Readm itted on 25 . 10.29
30 .8 .29
2 .9 .2 9
27 .10 .29
4 .11 .29
1 4 . 11.29
S er io u s
S l ig h t l y
improved
S er io u s
Improving
Much
b e t t e r
4 4 
4
4 4 
4
s i .
s i .
81.
8 l .
Anasarca;
s i .  a sc ite s
Much l e s s
Marked
Less
N il
3 .840 .000
4 .496 .000
4 ,092 ,090
4 .464 .000
4 .240 .000
60
74
68
76
74
43
49
45
48
41
1 .1 2
1 .08
1 .10
1 .07
0 .96
O.78 
p. 82
O.83
0.85
0.87
7-93
7 .8 0
7-86
7-60
7-42
'
4-9 
7-3
5-0  
7-0
5.8
D ischarged  him­
s e l f ,  improved, 
2 .1 0 .2 9
D ischarged
improved
l 6 . l l . 2 9
T A B L E  7 1 1  ( C o n t d . )
Case
No. Sex Age D iagnosis Date C ondition Dyspnoea
Cyan­
o s is Oedema
Red C e lls  
p e r  cmm.
Haemo­
g lob in
*
Haema­
t o c r i t
Reading
Volume
Index
Colour
Index
Aver. 
Diam. 
in  yU
V is­
c o s i ty  
(Water 
= l .C ) R e su lt
40 M 69 S y p h i l i t i c  Heart D isease ; 
A o rt ic  R e g u rg i ta t io n
1 4 . 9.29
9 . 10.29
S erious
Unchanged
-f + 
■+ •+
4
4
Moderat e 
do.
4.496.000
4.560.000
68
70
46
47
1.02
1 .03
O.76
0.76
7.60
7.58
6.7
7 .0
D ischarged him­
s e l f  2 2 . l l . 2 9 .  
Died a t  home
41 F 28 Rheumatic Heart D isease ; M itra l  
S te n o s is ;  A u r ic u la r  F i b r i l l a t i o n
A fte r  oxygen.. . .
2 4 . 9.29
do.
2 7 .11.29
Ser ious 
do.
Much
b e t t e r
4- + -*•
l e s s
4 4
l e s s
s l .
Moderate;
a s c i t e s
d o . 
n i l .
6.300.000
5.900.000
5.420.000
106
102
98
70
63
52
1.11
1.07  
0 .9 6
0.84
0.86
O.90
7-96
7-71
7-45
11 .4
9 .6
6 .4
D ischarged
improved
30 . 11.29
42 F 48 Rheumatic H eart D isease . M it ra l  
S te n o s is ;  A u r ic u la r  F i b r i l l a t i o n
26 .9 .29 F .s e r io u s + 4 4 Moderate 5,600,000 90 57 1.02 0.80 7 .50 8 .0 D ischarged 
h e r s e l f  
28! 9.29
43 F 38 Rheumatic Heart D isease ; M it ra l  
S te n o s is ,  and R e g u rg i ta t io n ,  
A u r ic u la r  F i b r i l l a t i o n
28 .9 .29
22.10 .29
F .s e r io u s  
Improved
4 4 4 Moderate
n i l
5 .280.000
4.700.000
88
82
57
47
1.08
1 .00
O.83
O.87
7 .80
7-44
8 .6
5-4
D ischarged
improved
15 . 11.29
44 M 58 Rheumatic Heart D isease ; M itra l  
S te n o s is ,  A o rt ic  R e g u rg i ta t  io n ; 
Chronic B ro n c h i t is  and' Emphysema
A fte r  oxygen .. ..
8 .10 .29
do.
Serious
d o .
4 4 4
l e s s
4- -f
s l .
l e s s
Moderate
do.
5.700.000
5.420.000
96
92
64
59
1 .1 2
1 .08
O.84
O.85
7-98
7.78
10.4
9 .0
Died
11.10 .29
I I . IO .2 9 Worse,dy ing 4 4 4 4 4 do. 5,800,000 96 64 1 .10 O.83 7.87 10 .2
45 M 53 A o rtic  R e g u rg i ta t io n  ( S y p h i l i t i c ) ;  
Chronic B ro n c h i t is  and Emphysema
12.11 .29 S erious 4 4 4 4 4 Moderate; 
s l . lu m b e r  
back
5,540,000 92 60 1.08 O.83 7-77 9 .0 T ra n s fe r re d
1 5 . 11.29
46 M 60 Chronic B ro n c h i t is  and Emphysema
A fte r  O xygen.. .
i 5 . l l . 2 9
20 . 11 . 2S
do.
S erious
Worse
do.
•f +
4 4 4
s l .
e a s i e r
4 4
Sl.
l e s s
Moderate
do.
do.
6,020,000
6,400,000
5,872,000
104
108
102
67
71
63
1 .11
1 .1 0
1.07
0.86
O.84
0 .86
8 .02
7.98
7-76
10.8
.11 .4
9-8
Died
2 1 . 11 . 29 .
T A B  L E
Case
No.
47
Sex i
48
49
50
51
52
Age
24
33
60
21
14
m 31
D iagnos is
Rheumatic H eart D isease ; M it ra l  
S te n o s is  and R e g u rg i ta t io n ;  
A u r ic u la r  F i b r i l l a t i o n
Rheumatic H eart D isease ; M itra l  
S te n o s is  and R e g u rg i ta t io n
A r t e r i o - s c l e r o s i s ;  A o rt ic  
Re gur g i t  a t  io n ; Myo c ard  i  a l  
D egenerat ioni
I n f e c t iv e  E n d o c a rd i t i s ;  Rheumatic 
Heart D ise ase ;  M itra l  S te n o s is  
and R e g u rg i ta t io n ,  A o rt ic  
R e g u rg i ta t  ion
Rheumatic H eart D isease ; M itra l  
S ten o s is  and R e g u rg i ta t io n
Af t  e r  l c c .  N ovasu ro l. . ..
I n f e c t iv e  E n d o c a rd i t i s ;  Rheumatic 
H eart D isease ; M it ra l  S te n o s is  
and R e g u rg i ta t io n ,  A o rt ic  
R e g u rg i ta t  ion
Date Condit ion Dyspnoea
Cyah 
os i s
26.11.29 S er io u s •+
V
4  4
2.12.2S F .s e r io u s 4  4 ♦ ♦;
1 .1 .3 0
1 9 . 1.30
Improving
Much
b e t t e r
■+ 81.
v?ry
1.12.25 Serious + 4 4
1 2 .1 .3 0 Improved — very
S-l>.
7 . 1.30 Ser ious 4  + 4
9 . 2.30 Improved very  s l . —
15 . 1.30 Serious 4  4 —
2 1 .2 .3 0 Unchanged do. —•
2 2 .1 .3 0 S erious 4  4 4  \
25 . 2.30
2 6 .2 .3 0
Sl .worse
F e e ls
e a s i e r
-4 -4
-4 *4
+
4 -;
1 0 .2 .3 0 S erious 4  4
>
V I I  ( C o n t d . )
Oedema
Red C e l l s  
p e r  cmm.
Haemo­
g lo b in
$
Haema­
t o c r i t
Reading
Volume
Index
Colour
Index
Aver. 
Diam. 
in  yU
V is ­
c o s i t y  
( Wat e r  
= 1 .0 ) R esu lt
'Marked 
8 l .  back 
A sc i te s
5 ,500 ,000 94 61 1 .11 O.85 7 .95 9-2
Moderate
S l ig h t
5 ,612 ,000
5,026,000
95
88
62
52
1-10
1.03
O.85
0 .87
7.39
7 .7 5
9 .4
6 .9
D ischarged
improved
2 2 .I .3 0
n i l 4 ,800 ,000 86 47 O.98 0.88 7 .5 2 5 .6
Moderate 
S l . back
n i l
5 ,640 ,000
5,000,000
94
88
63
50
1 .11
1 .00
O.84
0.88
7 .9 3
7 .5 2
9-6
5-5
D ischarged
Improved
I8 . I .3 O
Moderate
n i l
5 .240 .000
4 .692 .000
88
82
56
46
1.06
0.98
O.83
O.87
7 .7 6
7-49
8 .2
5-1
D ischarged
improved
1 2 .2 .3 0
S lig h t 3 ,5 0 0 ,0 0 0 35 28 0.80 0.50 7-12 3-8 Taken home
Moderate 3 , 164,000 31 25 O.78 0.49 7-08 3-5 . l * 3 -30 .Died s h o r t ly  
a f te rw a rd s
Moderate; asc i t  ed 5 ,200 ,000 85 57 1.09 0 . 8l 7-85 8 .4 Died
Anasarca 4 ,4 0 0 ,0 0 0 72 49 1 .11 0 .81 7-90 5-5 suddenly
Much l e s s 5 ,000 ,000 82 54 1.08 0 .82 7 .8 c 7-5
6 .3 .3 0
S lig h t 3 ,684 ,000 44 31 O.84 O.59 7 -1 5 4-2 Died
1 5 .2 .3 0
T A B L E  VII  (Contd. )
Case
No. Sex Ag€ Diagnosis Date Condit ion Dyspnoea
Cyan­
o s i s Oedema
Red C e l ls  
p e r  cmm.
Haemo­
g lob in
$
Haema­
t o c r i t
Reading
V oluae 
Index
Oolour
Index
Aver. 
Diam. 
in  jj.
V is­
c o s i t y  
(Water 
= 1 .0 ) Result
53 M 64 A r t e r i o - s c l e r o s i s ;  A or t ic  R e g u rg i ta t io n ;  Myocardial 
Degenerat ion
11 .2 .30 Ser ious + ■+ 81 . Moderate 4 , 484,000 70 48 1.07 O.78 7-75 7 .5 Discharged
him self
1 9 . 2.30
54 M 40 I n f e c t i v e  E n d o c a rd i t i s ;  Rheumatic 
Heart D isease ;  M i t ra l  S ten o s is  
and R e g u rg i ta t io n ;  A or t ic  
Regurgit  a t  ion
I .3 .3 O Serious -«> ♦ 81. Mod e ra t e 4 ,028,000 49 33 0 .8 2 0.60 7-06 4 .4 Died
14v3.30
55 M 65 A r t e r i o - s c l e r o s i s ;  A ortic  
S ten o s i s  and R e g u rg i ta t io n ;  
Emphysema and B ro n c h i t i s ,  
A u r icu la r  F i b r i l l a t i o n
18 . 4.30
25 . 5.30
S er ious
Improved
+ 4 
+
(Moderate; 
(A s c i te s
( S l i g h t , no 
( a s c i t e s
5,900,000
5 , 240,000
100
94
64
53
X.10
1.01
0.84
O.90
7*96
7-62
10 .4
6 .3
D ischarged
h im se lf
Condi t ion
improved
29 . 5.30
56 F 14 Rheumatic Heart D isease ;  M it ra l  
S te n o s i s ,  A or t ic  R e g u rg i ta t io n ;  
? Adherent Per ica rd ium
20 .6 .30 S e r io u s + •f Moderate 5,400,000 84 54 1.00 0-77 7.52 7 .7 Died
I6 .7 .3O
RESULTS IN CONGESTIVE HEART FAILURE
The r e s u l t s  in  the  36 cases  o f  conges tive  h e a r t  f a i l u r e ,  
comprising Tables VI and V II, a re  ana lysed  and d e sc r ib e d  under 
the fo llow ing  headings
1 . Volume Index and Average d iam eter  o f  in d iv id u a l  red  c e l l s .
2. Number o f  red  c e l l s ,  haemoglobin p e rc e n ta g e ,  and average
haemoglobin co n ten t o f  red  c e l l s  (c o lo u r  in d ex ).
3 . V isc o s i ty  of th e  b lood.
In  a d d i t io n  to  th e  above 36 c a se s ,  th e  fo u r  cases  s tu d ie d  
in  g r e a te r  d e t a i l ,  showing the e f f e c t  o f  ex a ce rb a tio n s  and rem is­
s ions  o f  the  h e a r t  f a i l u r e ,  a re  d esc r ib ed  s e p a ra te ly  a t  th e  con­
c lu s io n  of th e  p re s e n t  a n a ly s is  o f  th e  in d iv id u a l  ca ses  com prising  
Tables VI and VII.
Volume Index and Average Diameter o f  E r th ro c y te s .
The r e s u l t s  fo r  th e  volume and d iam eter  o f  th e  in d iv id u a l  red  
c e l l s  a re  conven ien tly  d e sc r ib e d  to g e th e r .  I t  was found t h a t ,  
accord ing  to  the  s tan d a rd  of d i f f e r e n c e s  suggested  by P r i c e -  
Jones (113) fo r  200 c e l l s  ( th e  number measured by th e  w r i t e r ) ,
19 o f  th e  36 cases  s tu d ie d  in  Tables VI and VII ( i . e . ,  53 p e r  
c e n t . ) gave red  c e l l  d iam eter v a lu es  in  th e  s ta g e  o f  c a rd ia c  
f a i l u r e  s ig n i f i c a n t l y  in c re a se d  above th e  average v a lu e  o f  7 . 48/*  
fo r  th e  normal s u b je c t s ,  and th e  p r a c t i c a l l y  s im i la r  average 
value o f  7 . 45/*  f o r  th e  compensated ca se s .  The d iam eter  va lue  
in  each o f  th e se  19 cases  was over 7 . 80/ * -  t h a t  i s ,  i t  showed 
an in c re a se  of  more than  0.32/* above the  normal s tan d a rd  in
Table I .  The volume in d ic es  in  th e s e  19 cases  ranged from 1.09  
to  I .1 4 .
These 19 ca se s ,  a l l  of which had a severe  degree of c a rd ia c  
f a i l u r e ,  comprised th e  fo llo w in g
i .  Twelve cases  w ith  v a lv u la r  l e s io n s ,  in c lu d in g  th re e
cases  of m i t r a l  s t e n o s i s  ( a l l  of which had a u r ic u la r  f i b r i l ­
l a t i o n ) ,  fo u r  cases  of m it ra l  s te n o s is  and r e g u r g i ta t io n  
(one w ith  a u r ic u la r  f i b r i l l a t i o n ,  and th e  o th e r  th r e e  w ith  
normal rhythm), th r e e  cases  of a o r t i c  r e g u r g i t a t io n  combined 
w ith  m i t r a l  s te n o s is ,  and two ca ses  of a o r t i c  r e g u r g i ta t io n  
w ith  secondary m i t r a l  r e g u r g i ta t io n ,
i i .  Three cases  of chron ic  b r o n c h i t i s  and emphysema, two
of which had a u r ic u la r  f i b r i l l a t i o n ,  
i i i .  Two cases  of a r t e r i o - s c l e r o s i s  and h igh  blood p re s s u re ,
iv . Two cases  of chron ic  i n t e r s t i t i a l  n e p h r i t i s ,  a r t e r i o ­
s c l e r o s i s ,  and h igh  blood p re s s u re .
I t  was no ted  th a t  two of th e  tw elve ca ses  w ith  v a lv u la r  
h e a r t  l e s io n s  had c o - e x i s t in g  chron ic  b ro n c h i t i s  and emphysema -  
namely, one of th e  cases of a o r t i c  r e g u r g i t a t io n  and one of th e  
cases  w ith  a combined m i t r a l  and a o r t i c  l e s io n  — and th a t  ch ron ic  
b r o n c h i t i s  and emphysema com plicated one of th e  cases of a r t e r i o ­
s c l e r o s i s ,  and one of th e  ca ses  of ch ron ic  i n t e r s t i t i a l  
nephr i t  i s .
Table 711 I  shows th e  correspond ing  read ings  f o r  volume 
index and average d iam eter  of th e  red  c e l l s  in  th e se  19 cases
T A B L E  V I I I
Corresponding Volume In d ice s  and Average Diameters o f  Red 
C e lls  in  19 cases  o f  severe  congestive  Heart F a i lu re .
Case
No.
21
22
23
24 
26 
28
29
30
34
35
38
39
41
44
46
47
48 
51 
55
Average
Volume
Index
1.09  
1.11
1.10 
1.10
1.13
1.09
1.11
1.14
1.12 
1.13
1.09  
( 1) 1.12 
( 2 ) 1 .1 0
1.11
1.12
1.11
1.11
1.11
1.09
1.10
1.11
Diameter
in
7-87
7.98
7-90
7.86
8.00
7 .84
7-97
8.1c
8.03
8.08
7.90
7 -2?7 . 8f
7.96
7-98
8.02
7.95
7-93
7-85
7.96
7-94
on readm ission
The average r e s u l t s  in  these  21 ca ses  show an in c re a se  in  
volume index  and mean red  c e l l  d iam eter  o f  12 p e r  c e n t . , and 
O . 4 6 , r e s p e c t iv e ly ,  above the  average v a lu es  f o r  th e  normal 
su b je c ts  in  Table I ,  and o f  12 p e r  c e n t . ,  and 0.49  above the  
average v a lu es  fo r  th e  cases  o f  f u l l y  compensated h e a r t  d is e a s e ,  
com prising T ables IV and V.
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Ten of th ese  p a t i e n t s  were d ischarged  improved, and i t  was 
noted t h a t  improvement in  c l i n i c a l  c o n d i t io n  was accompanied by a 
red u c tio n  in  volume and d iam eter o f  the  red  c e l l s  which, w ith  one 
exception , re tu rn e d  to  normal v a lu e s .  This i s  i l l u s t r a t e d  in  Table IX.
T A B L E  IX 
REDUCTION IN VOLUME AMD DIAMETER OF ERYTHROCYTES 
WITH CLINICAL IMPROVEMENT
Case No. Condition
Volume
Index
Diameter
in
21 (S e rio u s( Improved
1.09
0.99
7.87
7.50
23 ( Serious ( Improved
1.1C
1.03
7.90
7.60
29
( Serious 
( Improved
i . n
1.02
7.97
7.56
30 (S erious  ( Improved
1 .1 4
1.06
8.10
7.8c
35 (S erious  ( Improved
1.13
1.00
8.08 
7.56
39 (2 ) (Serious  ( Improved
1.10
0.98
7.86
7-42
41 (Serious  ( Improved
1.11
O.96
7.96
7-45
47
(S erious  
( Improved
1.11
0.98
7-95
7.52
48
( Serious 
( Improved
1.11
1.0c
7-93
7-52
55
(S erious  
( Improved 
---------------------1
1.10
1.01
7.96
7.62
The e x c e p tio n a l  case was Case 3 0 , a  p a t i e n t  w ith  congestive  
h e a r t  f a i l u r e  secondary to  chron ic  b r o n c h i t i s  and emphysema, who 
e x h ib i te d  a p ro b ab le , and almost s i g n i f i c a n t ,  in c re a se  in  average 
s ize  o f  th e  e ry th ro c y te s  above normal, when th e  ca rd ia c  f a i l u r e  
had subsided .
Of th e  rem aining n in e  p a t i e n t s  of Table V II I ,  one (Case 26 ) 
d ischarged  h e r s e l f  a g a in s t  h o s p i t a l  ad v ice . In t h i s  ca se ,  only  
one s e t  of o b se rv a tio n s  was made. Another p a t i e n t  (Case 38) -  
in  whom a ls o  only one s e t  of observationsw as made -  was t r a n s ­
f e r r e d  to  an o th e r  h o s p i t a l  f o r  s p e c ia l  reasons .
The o th e r  seven p a t i e n t s  d ie d ,  and in  th r e e  of th e se  cases  
(Nos. 22 , 44 46) i t  was noted  t h a t  a t  o b se rv a t io n s  made
ju s t  befo re  d ea th ,  when ca rd ia c  f a i l u r e  was more advanced, th e  
va lues  fo r  volume index and mean d iam eter  of th e  red  c e l l s  were 
not h ig h e r  than  th o se  o b ta in ed  a t  th e  tim e of adm ission to  
h o s p i t a l .  Case 22 had an average red  c e l l  d iam eter  of 7 *98^  
and a  co rrespond ing  volume index of 1 .11  s h o r t ly  a f t e r  adm ission , 
w hile th e  co rrespond ing  read in g s  on th e  day b efo re  he d ied , were 
7 -90f t  and 1 . 1 0 , r e s p e c t iv e ly .  In  Case 44 , th e  rea d in g s  were 
7-98/* and 1 .12  f o r  red  c e l l  d iam eter and volume index r e s p e c t iv e ­
ly ,  a t  th e  tim e of adm ission , and 7 j u  and 1.10  on th e  day of h is  
d e a th ,  and in  Case 46, th e  read ings  were 8 . 02^ u  and 1.11 on admis­
s io n , and 7 -9 8 ^  and 1*10 ( taken  b efo re  an oxygen a d m in is t ra t io n )  
th e  day b e fo re  th e  p a t i e n t  d ied . Another p a t i e n t  who d ied  (Case 
36), but whose r e s u l t s  do not belong to  Table V II I ,  a lso  e x h ib i te d  
t h i s  f a i l u r e  of  th e  red  c e l l s  to  show a  g re a te r  degree of  e n la rg e ­
ment w ith  p rox im ity  of d ea th .
The rem ain ing  17 (47 P©r  c e n t . )  o f  th e  36 cases  d e s c r ib e d  in  
Tables VI and V II , d id  no t show average red  c e l l  d iam eters  
s ig n i f i c a n t l y  r a i s e d  above normal, and had volume in d ic e s  
in v a r ia b ly  below I .0 9 .  According to  th e  s t a t i s t i c a l  s tandard  of
d i f f e r e n c e s ,  th e se  17 cases  comprised s ix  cases  w ith  p ro b ab le , 
a lthough not co n c lu s iv e ly  r e a l ,  in c re a s e s  in  d iam eter value 
above normal, e ig h t cases  w ith  normal mean d ia m e te rs ,  and th r e e  
cases  w ith  mean d iam eters  s i g n i f i c a n t l y  reduced below normal.
The s ix  ca ses  o f  conges tive  h e a r t  f a i l u r e  w ith  p robab le  
in c re a s e s  in  mean red c e l l  d iam eter above th e  normal average , 
were Cases 30, 37> 43 > 45 > 49 and 53. The c o n d i t io n s  r e p re ­
sen ted  in  th e se  cases  were ( i )  a o r t i c  r e g u r g i t a t io n  in  fo u r  
c a se s ,  due in  two cases  to  s y p h i l i s  (one of which had co­
e x i s t i n g  emphysema and b r o n c h i t i s ) ,  and in  th e  o th e r  two cases  
to  a r t e r i o - s c l e r o s i s ,  in  which s y p h i l i s  was not a  f a c t o r  (emphy­
sema and ch ron ic  b r o n c h i t i s  being  a lso  p re se n t  in  one of th e se  
c a s e s ) ;  ( i i )  chron ic  parenchymatous n e p h r i t i s ,  in  one ca se , and 
( i i i )  m i t r a l  s t e n o s i s  w ith  a u r ic u la r  f i b r i l l a t i o n ,  in  one case .
A se v e re ,  o r  m oderately se v e re ,  degree of h e a r t  f a i l u r e  was 
p re se n t  in  th e s e  p a t i e n t s ,  two of whom d ied  in  h o s p i t a l .
Table X  g ives  th e  correspond ing  read in g s  f o r  volume index 
and mean d iam eter of red  c e l l s  in  th e se  s ix  ca ses
T A B  L £ X
Case No.
Volume
Index
Diameter
in/4
( 1 . 0 6 7*75
36 ( 1.08 7.78
( 1-07 7-78
17 ( 1-07 7-79? 1 ( 1 .06 7-74
43 1.08 7.80
45 1.08 7-77
49 1.06 7-76
53 1.07 7-75
Average 1.07 7-77
I t  should he mentioned th a t  th e  d iam eter  va lue  of J.80^x  
in  Case 43 in d ic a te d  almost a  s i g n i f i c a n t  in c re a se  above th e  
normal average.
The e ig h t  cases  w ith  normal d iam ete r  v a lu es  acco rd ing  to  
th e  s tan d ard  of d i f f e r e n c e s ,  were Cases 25, 27, 31 > 32 > 33> 4 0 , 
42 and 56. Of th e se  e ig h t  c a se s ,  fo u r  (Cases 25, 27, 31 
and 32) were, acco rd ing  to  t h e i r  c l i n i c a l  c o n d i t io n s ,  ca ses  of 
mild h e a r t  f a i l u r e ,  w hile  th e  rem ain ing  fo u r  were ca ses  of more 
advanced h e a r t  f a i l u r e .  The le s io n s  in  th e se  l a s t  mentioned 
fo u r  cases  were a o r t i c  r e g u r g i t a t io n  ( s y p h i l i t i c )  in  Cases 33 
and 40, m i t r a l  s te n o s is  in  Case 4 2 , and m i t r a l  s te n o s is  com­
bined w ith  a o r t i c  r e g u r g i ta t io n  in  Case 56*
Table X I  gives th e  co rrespond ing  re a d in g s  f o r  volume and 
d iam eter of th e  e ry th ro c y te s  in  th e  fo u r  cases  of c a rd ia c
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f a i l u r e  w ith  mild symptoms
T A B L  E XI
Case No.
Volume
Index
Diameter 
in  >u
25 I .0 3 7-64
27 1.03 7-67
31 O.96 7-48
32 1 .02 7.51
Average 1.01 7-57
I t  w i l l  be seen th a t  th e  average d iam eter of th e  red  c o r ­
p u sc le s  in  Table XI shows no d ev ia t io n  from th e  average normal 
d iam eter  in  Table I ,  acco rd ing  to  th e  s tan d ard  of d i f f e r e n c e s ,  
and a lso  th a t  th e  average volume index i s  p r a c t i c a l l y  s im i la r  
to  th a t  f o r  th e  normal s u b je c ts .
The co rrespond ing  read in g s  f o r  volume index and mean 
d iam eter  value of th e  e ry th ro c y te s  in  th e  fo u r  ca ses  w ith  more 
pronounced m a n ife s ta t io n s  of h e a r t  f a i l u r e  a re  g iven in  Table XII.
T A B L E  XII
Case Ho.
Volume
Index
Diameter
in/U
33 1 .05 7-64
40 ( 1 .02 ( 1 .03
7.60
7.58
42 1.02 7.50
56 1.00 7-52
Average 1.02 7-56
As in  th e  case of  Table XI, th e  average r e s u l t s  in  Table XII 
must be regarded  as showing no d e v ia t io n  from th o se  of th e  normal 
su b je c ts  in  Table I .
The th r e e  cases  w ith  d im inution  in  volume and d iam eter  of 
th e  red  blood c e l l s  below normal, were Cases 50> 52 and 54 
in f e c t iv e  e n d o c a rd i t i s ,  superimposed on chron ic  v a lv u la r  d is e a s e .  
Cardiac f a i l u r e  was p re se n t  in  each c a se ,  w ith  dyspnoea, 
orthopnoea, congestion  of th e  lu n g s , enlargement of th e  l i v e r ,  
and oedema. Blood c u l tu r e s  in  each case  showed th e  p resence  of 
s t r e p to c o c c i .  While both  th e  volume index and mean d iam eter  
va lue  of th e  co rp u sc le s  were below normal in  th e se  c a se s ,  i t  was 
no ted  th a t  th e  d iam eters  were not reduced to  th e  same ex ten t as  
th e  volumes. I t  should  be mentioned, however, t h a t  th e  p resence  
of p o ik i lo c y to s i s  in  th e s e  d ise a se d  b loods, made i t  d i f f i c u l t  to  
o b ta in  good samples f o r  th e  measurement of c e l l  d ia m e te rs ,  and 
probably  in tro d u ced  a  g r e a te r  degree  of inaccuracy  in  th e se  
measurements th a n  in  th o se  of o th e r  c a se s .
Table X III gives th e  correspond ing  volume in d ic e s  and
average d ia m e te rs  of th e  re d  c e l l s  in  th e se  ca ses
T A B L E  X III
Case Ho.
Volume
Index
Diameter 
in  / *
50 ( 0 .80  ( 0 .78
CV1CO 
rH 
O
52 0 .8 4 7-15
54 0 .82 7.06
Average 0.81 7.10
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A marked degree of oedema was p re se n t  in  seven of th e  53 
p e r  ce n t ,  of cases  com pris ing  Tables VI and VII which e x h ib i te d  
s ig n i f i c a n t ly  en la rged  re d  c e l l s  above normal. These were Cases 
22, 28, 29, 34, 39, 47 and 51, and in  f iv e  of th e se  c a se s ,  th e  
oedema amounted to  g enera l anasa rca . In  Cases 29 , 39 and 51 
( th re e  of th e  cases  w ith  a n a s a rc a ) , th e  e f f e c t s  of subsidence of 
oedema fo l lo w in g  a  s a t i s f a c t o r y  d iu r e s i s  were s tu d ie d ,  and i t  was 
found th a t  t h i s  was a s s o c ia te d  w ith  a s l ig h t  d im inu tion  in  volume 
index and mean d iam eter  va lue  of th e  red  c e l l s ,  which was in  each 
case  a s s o c ia te d  w ith  a c o in c id e n t in c re a se  in  re d  c e l l  count and 
haemoglobin p e rce n tag e . (The l a t t e r  p o in t  i s  f u r th e r  r e f e r r e d  to  
in th e  s e c t io n  d e a l in g  w ith  th e  number of e ry th ro c y te s  and th e  
haemoglobin p e rc e n ta g e .)
These changes in number and s iz e  of red c e l l s ,  and p ercen tag e  
of haemoglobin, o cc u rr in g  w ith  d i u r e s i s ,  in  c a se s  e x h ib i t in g  gross 
oedema, a re  i l l u s t r a t e d  in  F igure  1 , r e l a t i n g  to  Case E.W., one of 
th e  fo u r  cases s tu d ie d  w ith  more f re q u en t  d e te rm in a t io n s .
I t  was a ls o  no ted , from a f u r t h e r  study of Case 29, and of 
Case 39 d u r in g  th e  l a t t e r * s  second s ta y  in  h o s p i t a l ,  th a t  w h ile  
a s l i g h t  d im inu tion  in  volume and d iam eter of th e  red blood c e l l s  
dccurred  w ith  subsidence of oedema fo llo w in g  d i u r e s i s ,  a  r e tu r n  to  
normal v a lu e s  was no t p re se n t  u n t i l  f u r t h e r  c l i n i c a l  improvement had 
occurred  and " com pensation” was p r a c t i c a l l y  r e - e s t a b l i s h e d .  T h is  
f u r th e r  d im inu tion  in volume and d iam eter of th e  e ry th ro c y te s  was 
a s so c ia te d  w ith  a d ecrease  in  t h e i r  number and in  th e  haemoglobin 
p ercen tag e . Regarding Case 3 9 ' 8 f i r s t  s tay  in  h o s p i t a l ,  no f u r t h e r
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o b se rv a tio n s  were made a f t e r  2.9*29, as  th e  w r i te r  was away.
A fte r  th e  f i r s t  s e t  of o b se rv a tio n s  in  Cases 35 * 41 
44, taken s h o r t ly  a f t e r  adm ission, and a f t e r  th e  second se t  of 
o b se rv a tio n s  in  Case 46, taken  s ix  days a f t e r  adm ission , a 
f u r th e r  s e t  o f  blood o b se rv a tio n s  was made immediately fo l lo w ­
in g  an a d m in is t ra t io n  of oxygen. The l a t t e r ,  ad m in is te red  by 
th e  n a s a l  c a th e t e r  method, was given u n t i l  some r e l i e f  occurred  
in  dyspnoea and cyanosis .
In a l l  th e  ca ses , t h e r e  was a d im inu tion  in  t o t a l  red  c e l l  
volume (a s  shown by th e  haem atocrit  r e a d in g s ) ,  to g e th e r  w ith  a 
s l i g h t ,  but c o n s is te n t ,  d im inu tion  in  th e  volume index and 
average d iam ete r  of th e  in d iv id u a l  red  c e l l s .  On th e  b a s is  of 
s t a t i s t i c a l  d i f f e r e n c e s ,  none of th e  ca ses  showed a  s ig n i f i c a n t  
d ec rease  in  d iam ete r  v a lu e ,  two cases  (Nos. 35 81X1(1 41 ) showed 
p robab le  d e c re a se s ,  and one of th e  rem aining  ca ses  (No. 46) 
showed only an approxim ately  p ro b ab le  d ec re a se .  I t  i s  nev e r­
th e le s s  c o n s id e re d ,a s  f u r t h e r  r e f e r r e d  to  in  th e  d is c u s s io n  o f  
th e  r e s u l t s ,  t h a t  th e re  has been a  tendency to  red u c t io n  in  
th e  volume and d iam eter  of th e  c o rp u sc le s  w ith  oxygen a d m in is t ra ­
t i o n ,  p a r t i c u l a r l y  when t h i s  i s  r e l a t e d  to  th e  c o in c id en t diminu­
t io n  in  e ry th ro c y te  count and blood v i s c o s i t y .
I t  has been no ted  t h a t ,  except p o s s ib ly  in  th e  cases  o f  
in f e c t iv e  e n d o c a r d i t i s ,  a  f a i r l y  co n s tan t correspondence e x is te d  
between th e  volume in d ic e s  and th e  average d iam ete rs  of th e  red  
c e l l s  in  th e  ca ses  shown in  Tables VI and VII.
Rossdale ( 116) has p o in te d  out th a t  where th e re  i s  incom plete
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c e n t r i f u g a l i z a t i o n  o f  b l o o d ,  a  b i ^ i  v o l u m e  i n d e x  m ay  s o m e t i m e s  
b e  o b t a i n e d ,  o w i n g  t o  t h e  h a e m a t o c r i t  r e a d i n g  b e i n g  t o o  h i g h .
I n  s u c h  c a s e 8 ,  t h e  r e d  c e l l  d i a m e t e r  w o u l d  p r o b a b l y  n o t  s h o w  a  
c o r r e s p o n d i n g  i n c r e a s e ,  s o  t h a t  a  r a i s e d  v o l u m e  i n d e x  w i t h  a  
n o r m a l  d i a m e t e r  v a l u e  m a y  i n d i c a t e  t h a t  t h e  f o r m e r  i s  t o o  h i g h .  
On t h e  o t h e r  h a n d ,  a  r a i s e d  v o l u m e  i n d e x  w i t h  a  c o r r e s p o n d i n g  
i n c r e a s e  i n  d i a m e t e r  v a l u e  w o u l d  p r o b a b l y  i n d i c a t e  a  t r u e  
r e a d i n g ,  w h i c h  m a y  b e  a p p l i e d  t o  t h e  r e s u l t s  i n  t h i s  i n v e s t i g a ­
t i o n ,  i n  s o  f a r  a s  n o t i c e a b l e  i n c r e a s e s  i n  v o l u m e  i n d e x  a b o v e  
t h e  n o r m a l  s t a n d a r d  ( u s u a l l y  i n c r e a s e s  o f  a b o u t  1 0  p e r  c e n t ,  o r  
m o r e )  h a v e  b e e n  a s s o c i a t e d  w i t h  r e a l  a n d  s i g n i f i c a n t  i n c r e a s e s  
a b o v e  n o r m a l  i n  m e a n  d i a m e t e r  v a l u e ,  a c c o r d i n g  t o  t h e  s t a n d a r d  
o f  d i f f e r e n c e s .
B y  d i v i d i n g  t h e  r e s u l t s  i n t o  g r o u p s  s h o w i n g  s i g n i f i c a n t  a n d
p r o b a b l e  i n c r e a s e s  i n  s i z e  o f  t h e  e r y t h r o c y t e s  a b o v e  n o r m a l ,  n o
d e v i a t i o n  i n  s i z e  o f  t h e  c e l l s  f r o m  n o r m a l ,  a n d  d i m i n u t i o n  i n
s i z e  o f  t h e  c e l l s  b e l o w  n o r m a l ,  t h e  w r i t e r  c o n s i d e r s  t h a t  a  m o r e
c o m p r e h e n s i v e  p i c t u r e  o f  p o s s i b l e  v a r i a t i o n s  o c c u r r i n g  i n  s i z e
a s  s h o w n  i n  t h i s  work 
o f  r e d  b l o o d  c e l l s  i n  c o n g e s t i v e  h e a r t  f a i l u r e / ,  h a s  b e e n
p r e s e n t e d .  I t  w a s  a l s o  o f  i n t e r e s t  t o  c o r r e l a t e  t h e  r e s u l t s
w i t h  t h e  l e s i o n s  p r e s e n t ,  a n d  w i t h  t h e  c l i n i c a l  c o n d i t i o n  o f
t h e  p a t i e n t  a t  t h e  t i m e  o f  m a k i n g  t h e  o b s e r v a t i o n s ,  a s  i n  t h i s
w a y ,  m o r e  i n f o r m a t i o n  w a s  o b t a i n e d .
I t  w a s  f o u n d ,  f o r  e x a m p l e ,  t h a t  a l t h o u g h  c e r t a i n  e x c e p t i o n s  
o c c u r r e d ,  s i g n i f i c a n t  i n c r e a s e s  i n  t h e  s i z e  o f  r e d  c e l l s  a b o v e  
n o r m a l  i n  c o n g e s t i v e  h e a r t  f a i l u r e  d u e  t o  v a l v u l a r  l e s i o n s ,  w e r e
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more commonly found in  connection  w ith  a m i t r a l  l e s io n  
( e s p e c ia l ly  s te n o s is )  th an  w ith  an a o r t i c  l e s io n  such as  a o r t i c  
r e g u r g i t a t io n ,  except when th e  l a t t e r  was combined w ith  m i t r a l  
s t e n o s i s ,  o r  was a s s o c ia te d  w ith  c o - e x i s t in g  ch ron ic  b r o n c h i t i s  
and emphysema. F urther, conges tive  h e a r t  f a i l u r e  secondary to  a 
pulmonary a f f e c t io n  such as  a combination of ch ron ic  b r o n c h i t i s  
w ith  esphysema, was a s s o c ia te d  w ith  s ig n i f i c a n t  in c re a s e s  in  s iz e  
of th e  c e l l s  above normal, w hile a  co n d it io n  of in f e c t iv e  endo­
c a r d i t i s  in  p a t i e n t 8 e x h ib i t in g  c a rd ia c  f a i l u r e  was a s s o c ia te d  
w ith  a d im inu tion  in  s iz e  of th e  e ry th ro c y te s  below normal.
Regarding th e  c l i n i c a l  co n d i t io n  of th e  p a t i e n t ,  i t  was 
found t h a t ,  g e n e ra l ly  speaking, a  s e r io u s  c o n d i t io n ,  i n d ic a t in g  
a severe  degree of h e a r t  f a i l u r e ,  was more commonly a s so c ia te d  
w ith  enlargement of th e  r e d  c e l l s  than  h e a r t  f a i l u r e  w ith  m ild 
symptoms, a lthough  in  t h i s  connection , ex cep tio n s  were again  
p r e s e n t ,  fo u r  cases  w ith  severe  c i r c u la to r y  symptoms, f o r  
example, hav ing  e x h ib i te d  normal v a lu es  f o r  s i z e  of th e  
c o rp u s c le s .
An a ttem pt i s  made in  th e  d is c u s s io n  of th e  r e s u l t s  to  
ex p la in  th e  v a r i a t io n s  in  th e  s iz e  of red  blood c e l l s  in  conges­
t i v e  h e a r t  f a i l u r e  -  r e s u l t i n g  in th e  absence of a  cons tan t 
r a t i o ,  as p re v io u s ly  mentioned, between th e  s e v e r i ty  of th e  
c a rd iac  f a i l u r e  and th e  degree of co rp u scu la r  enlargement -  and 
a lso  t o  in d ic a te  th e  g en e ra l  s ig n i f ic a n c e  of th e  type  of l e s io n ,  
in  r e l a t i o n  to  th e  r e s u l t s .
The fo rego ing  f in d in g s  w ith reg a rd  to  th e  volume and d ia ­
meter o f  the red  c e l l s  in  th e  36 cases  shown in  Tables VI and 
V II, may be summarised as fo llow s : -
1 . (a )  N ineteen cases  (53 per  c e n t . )  o f  severe  co n g es tiv e
h e a r t  f a i l u r e  gave average r e s u l t s  fo r  volume index and 
mean d iam eter value o f  th e  red  c e l l s ,  o f  1.11  and 7 .9 4 /^  
r e s p e c t iv e ly .  An in c re a se  i s  shown of 12 per  cen t,  and
0 . 4^  above th e  average r e s u l t s  f o r  volume and d iam eter 
o f  e ry th ro c y te s  in  12 h ea lth y  s u b je c ts ,  and of 12 p e r  
c e n t ,  and 0 . 4^/* above the  average r e s u l t s  f o r  a s e r i e s  o f  
20 ca ses  o f  compensated h e a r t  d is e a s e .  According to  a 
s ta n d a rd  o f  d i f f e re n c e s  based on s t a t i s t i c s  fo r  200 red  
c e l l s  ( th e  number measured in  t h i s  work fo r  d ia m e te rs ) ,  
a  r e a l  and s ig n i f i c a n t  in c re a se  above normal has 
a p p a re n tly  been p re s e n t  in  th e  average s iz e  o f  the  re d  
c e l l s  in  th e se  19 c a se s .
(b) These 19 cases  comprised 12 cases  w ith  v a lv u la r
fo u r  w ith  m i t r a l  s te n o s is  and r e g u r g i ta t io n  
l e s io n s  ( th re e  w ith  m i t ra l  s t e n o s i s , / t h r e e  w ith  a combi­
n a t io n  o f  m i t r a l  s te n o s is  w ith  a o r t i c  r e g u r g i t a t io n ,  and 
two w ith  a o r t i c  r e g u r g i t a t io n  and secondary m i t r a l  r e g u rg i ­
t a t i o n ) ; th re e  cases  o f  ch ron ic  b r o n c h i t i s  and emphysema; 
two cases  o f  a r t e r i o - s c l e r o s i s  and high  system ic blood 
p r e s s u re ,  and two cases  o f  ch ron ic  i n t e r s t i t i a l  n e p h r i t i s ,  
a r t e r i o - s c l e r o s i s  and h igh  b lood p re s s u re .  I t  was observed 
t h a t  ch ron ic  b r o n c h i t i s  and emphysema were a s s o c ia te d  w ith
two o f  th e  v a lv u la r  h e a r t  cases  (one of  th e  cases  o f  a o r t i c  
r e g u r g i t a t io n  w ith  secondary m i t r a l  r e g u r g i t a t io n ,  and one 
of  the cases  w ith  combined a o r t i c  and m i t r a l  l e s i o n s ) ,  one 
o f  the  cases  o f  a r t e r i o - s c l e r o s i s  and one a lso  of th e  ca ses  
o f  ch ron ic  i n t e r s t i t i a l  n e p h r i t i s .
The rem aining 17 cases  (47 P®* c e n t . )  had re d  c e l l s  
ap p a re n tly  no t s i g n i f i c a n t l y  in c re a se d  in  s iz e  above normal, 
and o f  th e se  ca ses  : -  
( i )  S ix gave average r e s u l t s  o f  1.07  aucL 7 • 11/ * '  f o r  volume
index and mean d iam ete r  va lue  r e s p e c t iv e ly ,  which, accord ing  
to  th e  s ta n d a rd  o f  d i f f e r e n c e s ,  are  taken  to  r e p re se n t  
p ro b ab le ,  although not c o n c lu s iv e ly  r e a l ,  in c re a s e s  in  
average s iz e  o f  th e  co rp u sc le s  above normal. These s ix  cases 
o f  congestive  h e a r t  f a i l u r e  comprised fo u r  ca ses  w ith  a o r t i c  
r e g u r g i t a t io n  and secondary m i t r a l  r e g u r g i ta t io n  ( i n  one of 
which chron ic  b r o n c h i t i s  and emphysema were p r e s e n t ) ,  one 
case w ith  chron ic  parenchymatous n e p h r i t i s  and one case w ith  
m i t r a l  s t e n o s i s .  These p a t i e n t s  e x h ib i te d  severe o r  
m oderately  severe  degrees o f  h e a r t  f a i l u r e .
( i i )  E i g h t  c a s e s  ( c o m p r i s i n g  f o u r  c a n e s  o f  c o n g e s t i v e  h e a r t
f a i l u r e  w i t h  m i l d  s y m p t o m s ,  a n d  f o u r  c a s e B  w i t h  s e v e r e  s y m p ­
t o m s )  g a v e  a v e r a g e  r e s u l t s  o f  1.01 a n d  7 * 5 ^ w - f o r  v o l u m e  
i n d e x  a n d  m e a n  d i a m e t e r  o f  t h e  e r y t h r o c y t e s  i n  t h e  c a s e s  o f  
m i l d  h e a r t  f a i l u r e ,  a n d  1.02 a n d  7.56/^for v o l u m e  i n d e x  a n d  
m e a n  d i a m e t e r  i n  t h e  g r o u p  o f  c a s e s  w i t h  m o r e  p r o n o u n c e d  
h e a r t  f a i l u r e .  B o t h  s e t s  o f  a v e r a g e  r e s u l t s  s h o w e d  n o
d e v ia t io n  from the  normal averages o b ta in ed  in  Table I.
In th e  group w ith  mild symptoms, th re e  were ca ses  o f  
v a lv u la r  h e a r t  d is e a s e ,  and th e  fo u r th  a p a t i e n t  w ith  ex­
ophthalm ic g o i t r e  in  whom c a rd ia c  f a i l u r e  a s s o c ia te d  w ith  
a u r i c u la r  f i b r i l l a t i o n  had occu rred . In  th e  second group 
o f  cases  w ith  severe  c i r c u la to r y  symptoms, two were cases  
o f  a o r t i c  r e g u r g i ta t io n  w ith  secondary m i t r a l  r e g u r g i ta ­
t i o n ,  one was a case  o f  m i t r a l  s te n o s is  w ith  a u r ic u la r  
f i b r i l l a t i o n ,  and th e  fo u r th  was a  case o f  m i t r a l  s t e n o s i s  
in  com bination w ith  a o r t i c  r e g u r g i t a t io n .
( i i i )  Three cases  gave average r e s u l t s  o f  0 .8 l  and 7*10 / ^  
f o r  volume index and average d iam eter  value o f  the  red  
c e l l s ,  r e s p e c t iv e ly ,  which re p re se n te d  s ig n i f i c a n t  d e c re a se s  
below normal. These th re e  p a t i e n t s  s u f fe re d  from f a i l u r e  
o f  compensation a s s o c ia te d  w ith  ch ron ic  v a lv u la r  d is e a s e ,  
on which, however, was superimposed a c o n d i t io n  o f  i n f e c t iv e  
e n d o c a r d i t i s ,  th e  l a t t e r  confirm ed by p o s i t iv e  blood c u l tu r e s .
3 . C l in ic a l  improvement, o c c u rr in g  in  10 o f  the  19 p a t i e n t s
who had s ig n i f i c a n t  in c re a s e s  in  th e  s iz e  o f  th e  re d  c e l l s  
above normal, was a s s o c ia te d  w ith  a d im inu tion  in  volume and 
d iam eter  of the  c e l l s  w ith  a r e tu r n  to  normal v a lu es  in  n ine 
o f  th e  ca se s .  In  th e  rem aining case -  a  p a t i e n t  w ith  h e a r t  
f a i l u r e  secondary to  emphysema and ch ron ic  b ro n c h i t i s  -  th e  
s iz e  o f  th e  e ry th ro c y te s ,  even a f t e r  c a rd ia c  f a i l u r e  had 
subs ided , showed a  p robab le  and almost s ig n i f i c a n t  in c re a se  
above normal.
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4 * P rox im ity  of d ea th  appeared to  have a f re q u en t t e n ­
dency to  in h ib i t  f u r t h e r  enlargement of th e  red  c e l l s .
5 * The 53 Pe r  c e n t ,  of cases of Tables VI and VII ex h i­
b i t i n g  s ig n i f i c a n t ly  en larged  red  c e l l s  above normal, 
inc luded  seven cases  w ith  g ross  oedema, in  f i v e  of which 
genera l an a sa rca  was p re s e n t .  Subsidence of oedema fo llo w ­
in g  d iu r e s i s  was, as  shown in  th r e e  of th e  ca ses  w ith  
an asa rca ,  a s so c ia te d  w ith  a s l i g h t  d im inu tion  in  volume 
index and mean d iam eter  value of th e  red  c e l l s ,  and a 
co in c id e n t  in c re ase  in  each c a se ,  in  e ry th ro c y te  count and 
haemoglobin p e rce n tag e . L a te r  o b se rv a tio n s  on two of th e se  
th re e  cases  showed th a t  normal v a lu es  f o r  c e l l  volume and 
d iam eter  were o b ta in ed  only a f t e r  f u r t h e r  c l i n i c a l  improve­
ment, and w ith  re -e s ta b l ish m e n t  of a s t a t e  of "compensation".
6. The e f f e c t  of th e  a d m in is t ra t io n  of oxygen, s tu d ie d
in fo u r  ca ses ,  was t o  cause a d im inu tion  in  t o t a l  red  c e l l  
volume, a s s o c ia te d  w ith  a s l i g h t  but c o n s is te n t  d im inu tion  
in  th e  v a lu e s  f o r  volume and d iam eter  of th e  in d iv id u a l  
e ry th ro c y te s .
7 - A f a i r l y  c lo se  correspondence was found to  e x i s t
between th e  volume in d ic e s  and th e  c e l l  d ia m e te rs ,  and th e  
l a t t e r  were s ig n i f i c a n t l y  in c re ase d  above th e  normal s t a n ­
d a rd s  in  a l l  cases  where th e  red  c e l l s  showed an in c re ase  
in  volume of about 10 p e r  c e n t ,  o r  more, above th e  normal 
average v a lu e  in  Table I .
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Content of Red C e l l s .
Of th e  3^ cases s tu d ie d  in  Tables VI and V II, i t  was found 
th a t  20 cases  (55 Pe r  c e n t . )  gave re d  c e l l  counts in  th e  p e r i ­
p h e ra l  c a p i l l a r y  b lood  in  th e  s ta g e  of h e a r t  f a i l u r e ,  above th e  
average read in g  of 5 , 000,000  fo r  the  normal s u b je c ts ,  w ith  which 
the  average count o f  4 , 892,000  per c.mm. fo r  th e  compensated 
c a rd iac  cases  may be cons idered  p r a c t i c a l l y  to  correspond. The 
counts in  th e se  20 cases  ranged from 5 , 200,000 to  7 , 000,000  red  
c e l l s  p e r  c.mm. of b lood .
I t  was no ted  th a t  of th e se  20 c a se s ,  15 were in c lu d ed  in  
Table V II I ,  as showing r a i s e d  volume in d ic e s  and s ig n i f i c a n t  
in c re a s e s  i n  average d iam eter of th e  re d  c e l l s  above normal.
Three of th e  rem aining f iv e  cases showed only p robab le  in c re a s e s  
in  d iam eter of the  e ry th ro c y te s ,  w ith  r e l a t i v e l y  lower volume 
in d ic e s ,  w hile  th e  o th e r  two cases had normal v a lu e s  fo r  volume 
and d iam eter . While th e re fo r e  most of th e  cases w ith  r a i s e d  
e ry th ro cy te  counts a ls o  had in d iv id u a l  re d  c e l l s  in c re a se d  in  
volume and d iam eter above the  normal average v a lu e s ,  excep­
t io n s  occurred, as, f o r  example, i n  Cases 42 and 56 w ith  normal 
va lues  fo r  volume index and average c e l l  d iam eter, where th e  
counts were 5 ,600 ,000  per  c.mm., and 5 ,400,000 p er  c.mm., 
r e s p e c t iv e ly .
These 20 ca ses  of congestive  h e a r t  f a i l u r e  w ith  r a i s e d  
e ry th ro cy te  counts comprised 13 cases  w ith  v a lv u la r  l e s io n s ,  
th ree  cases  of chron ic  b r o n c h i t i s  and emphysema, two cases  of
a r t e r i o - s c l e r o s i s  and h igh  blood p re s s u re ,  and two cases of 
ch ron ic  i n t e r s t i t i a l  n e p h r i t i s ,  a r t e r i o - s c l e r o s i s  and high  blood 
p re s s u re .  I t  was found th a t  e ig h t of th e  cases  of v a lv u la r  
d i s e a s e ,  to g e th e r  w ith  th e  seven cases  com prising th e  o th e r  
groups, made up th e  15 c a se s ,  in  which, as p re v io u s ly  s t a t e d ,  
in c re a se s  above normal in  volume and d iam eter of th e  co rp u sc les  
were p r e s e n t .
A more d e t a i l e d  a n a ly s i s  of th e  13 cases w ith  v a lv u la r  
l e s io n s  showed th a t  th re e  cases had m i t ra l  s t e n o s i s  ( a l l  of which 
had a u r i c u la r  f i b r i l l a t i o n ) ,  fo u r  ca ses  had m i t r a l  s te n o s i s  and 
r e g u r g i t a t io n  (two w ith  a u r i c u la r  f i b r i l l a t i o n ,  and th e  rem aining  
two w ith  normal rhythm ), th re e  had combined o rgan ic  v a lv u la r  
l e s io n s  (m i t r a l  s te n o s is  and a o r t i c  r e g u r g i t a t i o n ) ,  and th r e e  
ca ses  had a o r t i c  r e g u r g i t a t io n  w ith  secondary m i t r a l  r e g u r g i ta t io n .  
I t  was no ted  t h a t  two of th e  th re e  ca ses  of a o r t i c  r e g u r g i ta t io n  
had c o - e x i s t in g  emphysema w ith  b r o n c h i t i s ,  and th a t  th e  l a t t e r  
c o n d it io n  was p re se n t  a ls o  in  one of th e  cases  w ith  combined 
organic v a lv u la r  l e s io n s ,  one of th e  cases  of a r t e r i o - s c l e r o s i s ,  
and one of th e  cases  of ch ron ic  i n t e r s t i t i a l  n e p h r i t i s .
The h ig h e s t  red c e l l  counts  -  th o se  from 6 , 000,000  t o
7 , 000,000  p e r  c.mm. -  were given by two cases  of m i t r a l  s te n o s is  
(Nos. 26, 41), th e  th r e e  cases  of ch ron ic  b r o n c h i t i s  and emphy­
sema (Nos. 30, 38, 46 ) , th e  case of a r t e r i o - s c l e r o s i s  a s s o c ia te d  
w ith  emphysema and b r o n c h i t i s  (No. 23), and th e  case of chron ic  
i n t e r s t i t i a l  n e p h r i t i s  a l s o  a s s o c ia te d  w ith  emphysema and 
b ro n c h i t i s  (No. 35).
The haemoglobin p ercen tag es  in  th e  20 cases  showing 
in c re a se  in  th e  number of red  c e l l s  above 5 ,000,000 per c.mm. 
have ranged  from 85 to  116 p e r  cen t.  Taking the  average normal 
va lue  of 96 P©r  c e n t .  (Table I )  as  the  s tan d ard  fo r  comparison, 
i t  was no ted  t h a t  i n  only n ine  of th e  cases w ith  r a i s e d  re d  c e l l  
counts above normal was the haemoglobin percen tage  above normal, 
the rem ainder of th e  cases  having haemoglobin p e rcen tag es  e i t h e r  
a t ,  or -  as was more f re q u e n t ly  the case  -  below the  normal 
s ta n d a rd . In  f a c t ,  in  fo u r  cases w ith  counts over 5 , 000,000  per  
c.mm., the  haemoglobin read in g s  were below 90 P©r  cen t.  I t  
appeared t h a t ,  g e n e ra l ly  speaking, th e se  cases of congestive  
h e a r t  f a i l u r e  e x h ib i te d  r e l a t i v e l y  h igh  re d  c e l l  counts compared 
to  th e  haemoglobin p e rce n tag e s ,  which were a p p a re n tly  not 
in c re a se d  to  th e  same e x te n t  as the  coun ts .
I t  was no ted  in  e ig h t  of th e  te n  p a t i e n t s  o f  Table IX, who 
were d isch arg ed  improved, and in  Oases 43 and 49 o f  Table X, i n  
whom o b se rv a tio n s  were a l s o  made where improvement had occu rred , 
t h a t  a  d im inu tion  in  r e d  c e l l  count and haemoglobin percen tag e  
occurred  w ith  c l i n i c a l  improvement, more marked in  the  count than  
in  the  haemoglobin p e rcen tag e . The rem aining two p a t i e n t s  o f  
Table IX who were d isch a rg ed  improved (Cases 29 and 39) were 
p a t i e n t s  who had e x h ib i te d  g ross  oedema, and a p p a re n tly  had 
sp e c ia l  r e s u l t s ,  reg a rd in g  e ry th ro c y te  count and haemoglobin 
p e rcen tag e , which w i l l  be r e f e r r e d  to  l a t e r .
I t  was f u r th e r  no ted  t h a t  in  th e  subsequent s ta g e  of
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improvement, the  re d  c e l l  counts were normal or only s l i g h t l y  
d im inished below normal. In  th re e  c a se s ,  however, (Nos. 30 , 35 , 
41) th e re  appeared to  be a tendency fo r  th e  e ry th ro cy te  count 
to  remain r a i s e d  above th e  normal s ta n d a rd , when improvement 
from c a rd ia c  f a i l u r e  had occurred .
Table XIV shows th e  re d u c t io n  o cc u rr in g  in  re d  c e l l  count 
and haemoglobin p e rcen tag e , w ith  c l i n i c a l  improvement
T A B L E  XIV
Case No. C ondition
Red C e lls  
p e r  c.mm.
Haemoglobin
21 (S erious 5 ,760,000 98
(improved 5 ,016,000 90
23 (S e rious 6,072,000 105
(improved 5 ,236 ,000 95
30 (S e rio u s 6,428,000 108
(improved 5 , 570,000 99
35 (S e rious 6,204,000 105
(improved 5 , 372,000 96
41 (S eri ous 6,300,000 106
(improved 5 ,420,000 98
43 ( F a i r ly  s e r io u s 5 ,280 ,000 88
(improved 4 ,700,000 82
47 (S e rious 5 ,500 ,000 U( Improved 4,800 ,000 86
43 (S e rious 5 ,640,000 94
(improved 5 ,000,000 88
49 ( F a i r ly  s e r io u s 5 ,240,000 88
(improved 4 ,692,000 82
55 (S e rious 5 ,900,000 100
(improved 5 ,240,000 94
In c rease  i n  s e v e r i ty  of c l i n i c a l  co n d it io n  was, on th e  o th e r  
hand, u s u a l ly  a s s o c ia te d  w ith  in c re a s e  i n  re d  o e l l  count and 
haemoglobin p e rce n tag e , more marked in  th e  former than  i n  th e  
l a t t e r ,  a s ,  fo r  example, i n  Cases 22 , 44 an& 46 . Case 37 , how­
ever, a  p a t i e n t  diagnosed as chronic  parenchymatous n e p h r i t i s ,  
showing secondary congestive  h e a r t  f a i l u r e ,  appeared to  be an 
excep tion  to  t h i s  r u l e ,  in  t h a t  bo th  th e  count and haemoglobin 
p ercen tage  f e l l  w ith  in c re a se d  s e v e r i ty  of the  h e a r t  f a i l u r e .
The e f f e c t  o f  oxygen on re d  c e l l  county and haemoglobin p e r ­
centage was s tu d ie d  in  fou r  of th e  p a t i e n t s  w ith  marked cyanosis  
to  whom i t  was ad m in is te red , and in  whom the e f f e c t  on the 
volume and d iam eter of th e  c e l l s  has p re v io u s ly  been no ted . I t  
was observed th a t  in  a l l  fo u r  cases th e  r e s u l t  o f  th e  i n h a la t io n  
of oxygen (which r e l i e v e d  dyspnoea and reduced cyanosis) was a  
s l i g h t ,  b u t  c o n s i s te n t ,  r e d u c t io n  in  r e d  c e l l  count and p ercen ­
tage of haemoglobin.
Of th e  16 cases  (45 Pe r  c e n t . )  which gave r e d  c e l l  counts  
approxim ately
o f /5 ,000 ,000  or under, fo u r  were th e  cases  of m ild  h e a r t  f a i l u r e  
(Nos. 25, 27, 31 , 32) ,  and th e  rem ainder were p a t i e n t s  whose 
c l i n i c a l  c o n d i t io n s  were more s e r io u s .  These were Oases 28, 29,
33 , 34 , 36, 37 , 39 , 40 , 50, 52, 53 and 54 -
Oases 28 , 29, 34 acd 39 had g ro ss  oedema, and a study of 
Cases 29 and 39 ( th e  two cases  o f Table IX w ith  s p e c ia l  r e s u l t s ,  
as p re v io u s ly  mentioned) r e v e a ls  a  lowered e ry th ro c y te  count and 
haemoglobin p ercen tag e  in  the  oedematous s ta g e ,  and an in c re a se d  
count and haemoglobin p e rce n tag e , when subsidence of oedema 
occurred a f t e r  d iu r e s i s .  Following t h i s  in c re a s e  a f t e r
d iu r e s i s ,  a  s l i g h t  decrease  in  re d  c e l l s  and haemoglobin took 
p lace  w ith  continued  c l i n i c a l  improvement.
Case 51 o n  26 .2 .30  a lso  i l l u s t r a t e s  the  in c re a s e  in  c e l l  
count and haemoglobin p ercen tag e  w ith  d im inu tion  in  oedema, th e  
l a t t e r  r e s u l t i n g  from an in tram u scu la r  i n j e c t i o n  of n ovasu ro l,  
which in c re a se d  th e  u r in a ry  output from 18 oz. to  100 oz. i n  24 
hours .
I t  should  be m entioned th a t  w hile  th e  markedly oedematous 
s ta g e  in  th e  above mentioned cases was a s s o c ia te d  w ith  a dimin­
ish e d  red  c e l l  count, two cases  (Nos. 22 and 47) w ith  "marked1* 
oedema, as in d ic a te d  in  Table V III ,  had red  c e l l  counts of over 
5 , 000 , 0 0 0 .
In  p a t i e n t s  w ith  moderate oedema, th e  b lood , as  a  g en e ra l  
r u l e ,  was observed to  e x h ib i t  red  c e l l  counts over 5>000,000 P®r  
c.mm., which in  some cases  reached 6 ,000,000 per  c.mm. and over.
Cases 50? 52 and 54 were th e  p a t i e n t s  s u f f e r in g  from th e  
ca rd iac  type of in f e c t iv e  e n d o c a rd i t i s ,  and p re se n t in g  symptoms 
and s ig n s  of  f a i l i n g  compensation. A severe  secondary anaemia 
was p re s e n t  i n  th e s e  ca ses ,  the  haemoglobin p e rce n tag e s  be ing  
g r e a t ly  reduced below normal. I t  was no ted  th a t  i n  two of th e s e  
cases , cyanosis  was ab sen t ,  and t h a t  i n  th e  rem aining  c a se ,  i t  
was only very  s l i g h t .
Cases 33 , 36 and 40 had a o r t i c  r e g u r g i t a t io n  due to  syph i­
l i t i c  i n f e c t io n .  A s l i g h t  d im inu tion  i n  the  number of re d  c e l l s  
was p re se n t  i n  th e s e  ca se s ,  to g e th e r  w ith  a  r e l a t i v e l y  g r e a te r  
d im inution  in  haemoglobin p e rce n tag e . A tendency to  concealment
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of th e  o ligocy thaem ia  was, however, observed in  Case 36, w ith  
in c re a s e  i n  s e v e r i ty  of th e  h e a r t  f a i l u r e ,  when an in c re a se  was 
found to  occur in  re d  c e l l  count, which gave a read in g  of 
s l i g h t l y  over 5 ,000,000 per c.mm.
Case 53 had a o r t i c  r e g u r g i t a t io n  a s s o c ia te d  w ith  a r t e r i o ­
s c l e r o s i s .  S y p h i l is  was not a f a c to r  i n  t h i s  c a se .  A ”secon- 
dary anaemia” type of b lood  p ic tu r e  was a lso  e x h ib i te d  i n  t h i s  
case , th e  haemoglobin percen tage  being  reduced to  a g r e a te r  
degree than  the  red  c e l l  count.
Case 37 was th e  p a t i e n t  w ith  ch ron ic  parenchymatous n e p h r i ­
t i s  and secondary congestive  h e a r t  f a i l u r e .  At th e  f i r s t  b lood 
exam ination, t h i s  p a t i e n t  had a haemoglobin read in g  of 75 P©r  
c e n t . ,  i n d ic a t in g  a moderate anaemia, a lthough  th e  red  c e l l  
count was only s l i g h t l y  below th e  normal s ta n d a rd .  At th e  tim e 
of th e  second o b se rv a tio n ,  when, c l i n i c a l l y ,  her  co n d i t io n  of 
h e a r t  f a i l u r e  was worse, a  n o t ic e a b le  d im inu tion  in  both th e  
number of e ry th ro c y te s  and th e  percen tag e  o f  haemoglobin -  more 
marked i n  th e  l a t t e r  than  in  th e  former -  was found to  be p re ­
se n t ,  the  read in g s  being  60 per  c e n t ,  fo r  haemoglobin, and 
4 , 244,000  f o r  c e l l  coun t. As p re v io u s ly  s t a t e d ,  t h i s  appeared 
to  be c o n tra ry  to  th e  g en e ra l  tendency to  an in c re a s e  in  th e  
number of red  c e l l s ,  and s l i g h t l y  a l s o  in  haemoglobin p ercen tag e  
w ith  in c re a s e  in  s e v e r i ty  of  the  c a rd ia c  f a i l u r e .  The s i g n i f i ­
cance of th e  a p p a re n tly  ex c e p tio n a l  b lood  count in  Oase 37, a t  
the  time of th e  second o b se rv a tio n , i s  d iscu sse d  l a t e r .
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Regarding th e  complement of haemoglobin of th e  in d iv id u a l  
red  c e l l s  in  congestive  h e a r t  f a i l u r e ,  i t  was found th a t  an 
average va lue  fo r  co lour index , c a lc u la te d  from / \1  read in g s  taken  
in  th e  s ta g e  of h e a r t  f a i l u r e ,  in  33 o f  th e  cases in  Tables VI 
and V II, was 0 . 81 . In  c a lc u la t in g  t h i s  average colour index , i t  
was cons idered  th a t  the  cases  of i n f e c t i v e  e n d o c a rd i t is  should  
no t be in c lu d ed , owing to  t h e i r  e x c e p t io n a l ly  low read in g s .
The range fo r  co lour index  v a lu es  in  th e  above m entioned 33 
cases was from 0.70 to  0 .8 6 , in  th e  s ta g e  of  c a rd ia c  f a i l u r e .
On comparing th e  above average co lour index of 0.81  w ith  
th a t  of 0.95 o b ta in ed  fo r  th e  normal s u b je c ts ,  i t  appeared t h a t  
the  average haemoglobin con ten t of th e  re d  c e l l s  in  co n g es tiv e  
h e a r t  f a i l u r e  was lower th an  normal. On comparing i t  a l s o  w ith  
th e  average colour index  of 0 .90  fo r  th e  20 cases  of f u l l y  com­
pensa ted  h e a r t  d is e a se ,  th e  average co rp u scu la r  haemoglobin con­
te n t  f o r  the  cases  o f  h e a r t  f a i l u r e  a l s o  showed some re d u c t io n ,  
although not to  th e  same ex ten t  as i n  th e  case  of  th e  normal 
s u b je c ts .
A r e l a t i v e l y  lowered colour index  was a p p a re n tly  a cha rac­
t e r i s t i c  f e a tu r e  of a  co n d i t io n  of  conges tive  h e a r t  f a i l u r e .
While t h i s  was due in  a  few cases to  th e  f a c t  t h a t  th e  b lood 
changes were th o se  o f  a  secondary anaemia, in  many o th e r  c a se s ,  
where the  e ry th ro c y te  counts were over 5 , 0 0 0 , 0 0 0  p e r  c.mm., th e  
tendency fo r  th e  average haemoglobin co n ten t of th e  red  c e l l s  to  
be somewhat lower than  th e  average normal va lue  r e s u l t e d  from
the  f a c t  t h a t  in  th e se  ca ses  the  number of the  re d  c e l l s  was 
r e l a t i v e l y  h igh  compared to  th e  haemoglobin p e rcen tag e , th e  l a t ­
t e r  be ing , g e n e ra l ly  speaking, in c re a se d  to  a  l e s s  degree than  
th e  re d  c e l l  count.
A p o in t  which, i t  i s  cons idered , should  be mentioned, i s  
th e  manner in  which th e  co lour  index  has been r e l a t e d  to  the  
volume index  and mean d iam eter of th e  re d  c e l l s .  I t  was 
observed th a t  th e  colour index  was always f r a c t i o n a l  -  in  no 
case reach in g  u n i ty  -  i n  a s s o c ia t io n  w ith  th e  r a i s e d  v a lu es  fo r  
volume and d iam eter of r e d  c e l l s  above normal. In  o th e r  words, 
i t  appeared t h a t  th e  o v e r - s iz e d  e ry th ro c y te s  in  congestive  h e a r t  
f a i l u r e  were n o t accompanied by a co rrespond ing ly  high 
in d iv id u a l  haemoglobin c o n te n t .  F u r th e r ,  th e  d im inu tion  i n  
volume and d iam eter of th e  c e l l s  o ccu rr in g  w ith  c l i n i c a l  
improvement (as  shown in  Table IX) was a s s o c ia te d  w ith  a s l i g h t  
in c re a se  in  th e  v a lu e  fo r  colour index , as seen , fo r  example, 
in  Oases 21 , 35 , 41 and 47* The r e l a t i o n s h i p  between th e  s i z e  
of th e  in d iv id u a l  e ry th ro c y te s  and t h e i r  con ten t of haemoglobin 
i s  i l l u s t r a t e d  by th e  graphs r e l a t i n g  to  th e  fo u r  cases  s tu d ie d  
in  g r e a te r  d e t a i l ,  where i t  w i l l  be seen  t h a t  th e  curves fo r  
volume index  and mean d iam eter v a lu e , and th e  curve fo r  co lour 
index, a re  n o t  d i r e c t  in  t h e i r  r a t i o ,  b u t prove a t  tim es to  be 
in v e rse .
The p r in c ip a l  f in d in g s  in  t h i s  s e c t io n  may be summarised as
fo llow 6 : -
1 . An in c re a se  i n  red  c e l l  count above th e  average v a lu e  
of approxim ately  5 , 000,000  f o r  th e  normal s u b je c ts  and com­
pensa ted  h e a r t  ca ses ,  was p re se n t  in  th e  p e r ip h e ra l  b lood  
of 20 o f  th e  36 cases (55 Per c e n t . )  of congestive  h e a r t  
f a i l u r e ,  shown in  Tables VI and V II.
The counts in  th e se  cases ranged from 5>200,000 to
7 , 000,000  re d  c e l l s  p e r  c.mm.
2 . Of th e se  20 c a ses ,  15 were in c lu d ed  in  th e  21 cases  
d esc r ib ed  in  th e  p rev ious  s e c t io n ,  as e x h ib i t in g  s i g n i f i ­
can t in c re a s e s  in  r a i s e d  volume in d ic e s  and s ig n i f i c a n t  
in c re a s e s  in  average diam eter o f  the  in d iv id u a l  e ry th ro ­
cy tes  above normal. Three of th e  rem aining f iv e  cases  
showed p robab le  in c re a s e s  in  s iz e  of th e  c e l l s  above normal, 
while th e  o th e r  two cases  had re d  c e l l s  which, accord ing  to  
th e  s ta n d a rd  of d i f f e r e n c e s ,  d id  not show any d e v ia t io n  in  
d iam eter from the  norm al, and which a l s o  gave a normal 
value fo r  volume index .
3 - The 20 cases  of congestive  h e a r t  f a i l u r e  w ith  r a i s e d
e ry th ro c y te  counts comprised 13 cases w ith  v a lv u la r  l e s io n s  
fo u r  w ith  m i t r a l  s te n o s is  and r e g u r g i t a t io n ,
( th re e  w ith  m i t r a l  s t e n o s i s , / t h r e e  w ith  a o r t i c  r e g u r g i t a t i o n
combined w ith  m i t r a l  s t e n o s i s ,  and th re e  w ith  a o r t i c  r e g u r ­
g i t a t i o n  and secondary m i t r a l  r e g u r g i t a t i o n ) ;  th r e e  ca ses  of 
chron ic  b r o n c h i t i s  and emphysema; two cases  of a r t e r i o ­
s c l e r o s i s  w ith  h igh  system ic b lood  p re s s u re ,  and two ca ses  
of ch ron ic  i n t e r s t i t i a l  n e p h r i t i s ,  a r t e r i o - s c l e r o s i s  and 
h igh  b lood  p re s s u re .  I t  was n o ted  t h a t  ch ron ic  b r o n c h i t i s  
and emphysema were p re se n t  i n  two of th e  cases  of a o r t i c  
r e g u r g i t a t io n  w ith  secondary m i t r a l  in s u f f ic ie n c y ,  one of 
the  cases  w ith  combined v a lv u la r  l e s io n s ,  one of th e  cases  
of a r t e r i o - s c l e r o s i s ,  and one of th e  cases of chron ic  i n t e r ­
s t i t i a l  n e p h r i t i s .
4 « The h ig h e s t  re d  c e l l  counts -  those from 6 , 000,000  to
7 . 000.000  per  c.mm. -  were given by two cases of m i t r a l  
s t e n o s i s ,  th e  th r e e  cases of ch ron ic  b r o n c h i t i s  and emphy­
sema, th e  case of a r t e r i o - s c l e r o s i s  w ith  c o -e x is t in g  emphy­
sema and b r o n c h i t i s ,  and th e  case of  chron ic  i n t e r s t i t i a l  
n e p h r i t i s ,  w ith  a  s im i la r  c o - e x i s t in g  pulmonary a f f e c t io n .
5 * The haemoglobin v a lu es  in  th e  above 20 cases w ith
r a i s e d  e ry th ro c y te  counts above the  normal average of
5 . 000 . 000 , have ranged from 85 to  116 per  c e n t .  In  n in e  
ca ses , th e  rea d in g s  were above th e  normal average of 9 6  p e r  
cen t,  o b ta in ed  in  Table I ;  in  seven cases , they  were from 
90 to  96 p e r  c e n t . ,  w hile  in  th e  rem aining fo u r  c a se s ,  they  
were below 90 p e r  c e n t .  The re d  c e l l  counts in  th e se  ca ses  
were, g e n e ra l ly  speak ing , r e l a t i v e l y  more in c re a se d  than  
were th e  haemoglobin p e rce n tag e s .
6. As shown in  Table XIV, improvement from congestive
h e a r t  f a i l u r e  in  10 cases  was a s s o c ia te d  w ith  a  decrease  in
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red  blood c e l l  coun t, and, to  a l e s s  e x te n t ,  in percen tage  
of haemoglobin. In c re a se  in  s e v e r i ty  of th e  c a rd ia c  f a i l u r e  
was, on th e  o th e r  hand, u s u a l ly  a s s o c ia te d  w ith  in c re a se  in  
red  c e l l  count, and s l i g h t l y  a lso  in  haemoglobin p e rce n tag e , 
except in  Case 37, 0* chron ic  parenchymatous n e p h r i t i s  and 
secondary h e a r t  f a i l u r e ,  where, w ith  in c re a se  in th e  l a t t e r ,  
th e r e  occurred  a d im inu tion  in  both  th e  number of red  c e l l s  
and th e  haemoglobin p e rce n tag e .
7 * The a d m in is t ra t io n  of oxygen -  given because of w e l l -
marked cyanosis  -  was in fo u r  c a se s  where i t s  e f f e c t  was 
s tu d ie d ,  found to  reduce cy an o s is ,  and to  cause a s l i g h t ,  
but c o n s i s t e n t ,  d im inu tion  in  th e  number of red  c e l l s  p e r  
c.mm., and in  th e  haemoglobin p e rce n tag e .
8 . The 45 Per c e n t ,  of cases  w ith  red  c e l l  counts of
5 ,000,000 or under, comprised f o u r  cases  of m ild h e a r t  f a i l ­
u re  and 12 cases  of  se v e re ,  o t  m oderately  severe , c a rd ia c  
f a i l u r e .  The count was p r a c t i c a l l y  a t  th e  normal s ta n d a rd  
in  th e  fo u r  cases  of m ild f a i l u r e  (a lthough  s l i g h t l y  
in c reased  in  one of them) and d im inished below normal in  
th e  12 cases  of more pronounced h e a r t  f a i l u r e .
9 « These 12 cases  w ith  d im in ished  e ry th ro c y te  coun ts , com­
p r i s e d  th e  th r e e  cases  of in f e c t iv e  e n d o c a rd i t i s ,  th e  case
of ch ron ic  parenchymatous n e p h r i t i s  ( in  which th e  d im inu tion
in  c e l l  count was mainly shown a t  th e  second exam ination), 
fo u r  cases  of a o r t i c  r e g u r g i t a t io n ,  and fo u r  cases of v a lv u ­
l a r  d i s e a s e ,  w ith  gen e ra l an asa rca .
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10 . I t  was observed, in  two of th e  la s t-m e n tio n ed  cases
e x h ib i t in g  g ross  oedema, th a t  w hile  a d im inished e ry th ro c y te  
count and haemoglobin percen tage  were p re se n t  in  the  oedema­
tous  s ta g e ,  an in c re a s e  in  red  c e l l s  and haemoglobin charac­
t e r i s e d  subsidence of oedema w ith  d iu r e s i s .  This appeared  
to  in d ic a t e  t h a t  th e  d im inution  in  red  c e l l  count and haemo­
g lo b in  p ercen tag e  in  th e  s tage  of g ross oedema was a  r e l a ­
t i v e  one, depending probably  on th e  s t a t e  of th e  blood in  
t h i s  s ta g e ,  a  p o in t  which i s  d e sc r ib e d  l a t e r .
11 . The b lood  changes in  th e  o th e r  cases d esc r ib ed  under (9 )
were th o se  of secondary anaemia, o ligocythaem ia being  con­
s t a n t l y  l e s s  marked than  re d u c t io n  i n  haemoglobin p e rce n tag e .
12 . (a) A marked degree of  anaemia was a s s o c ia te d  w ith  i n f e c t i v e
e n d o c a rd i t i s  and h e a r t  f a i l u r e ,  where, in  one case, a  haemo­
g lo b in  percen tage  as  low as y i  was recorded . Mild or moder­
a te  degrees  of anaemia were p re s e n t  in  the  fo u r  cases of 
a .o r tic  r e g u r g i t a t i o n  ( th re e  due to  s y p h i l i s ,  and th e  f o u r th  
to  a r t e r i a l  d ise a se  of n o n - s y p h i l i t i c  o r ig in ) ,  and in  th e  case 
of ch ron ic  parenchymatous n e p h r i t i s  w ith  secondary c a rd ia c  
f a i l u r e .
(b) In  th e  la s t-m e n t io n e d  case of chronic parenchymatous 
n e p h r i t i s  w ith  c a rd ia c  f a i l u r e ,  d im inu tion  in  both th e  re d  
c e l l  count and haemoglobin p e rce n tag e  occu rred , w ith  in c re a s e  
in  s e v e r i ty  of the  o a rd iac  f a i l u r e .  This was co n tra ry  to  the  
more u su a l  f in d in g ,  under such c o n d i t io n s ,  o f  an in c re a s e  in
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count and -  to  a l e s s  ex ten t -  in  haemoglobin p ercen tag e , 
shown even by one of th e  above cases  w ith  a "secondary 
anaemia" type o f  b lood  p ic tu r e  -  namely Case 36, of a o r t i c
r e g u r g i t a t io n  -  where, w ith  in c re a s e  in  th e  h e a r t  f a i l u r e ,
th e re  was a tendency to  concealment of th e  o ligocy thaem ia  
by a  r i s e  in  th e  e ry th ro c y te  count to  a l i t t l e  over 5 , 000,000  
c e l l s  p e r  c.mm.
13. The v a lu e s  fo r  co lour index  in  the  s ta g e  of h e a r t  f a i l ­
u re  w ith  venous congestion  in  33 o f  th e  cases  in  Tables VI
and VII -  t h a t  i s ,  excluding  th e  ca ses  of i n f e c t iv e  endocar­
d i t i s  -  have ranged from 0.70  to  0 . 86 . An average v a lu e , c a l ­
c u la te d  from 41 read in g s  in  th e se  33 oases , was found to  be 
0 .81 , which, compared w ith  th e  average v a lu e  of 0.95 f ° r  th e  
normal s u b je c ts ,  a p p a re n tly  showed a re d u c t io n ,  and which 
was a l s o  s l i g h t l y  lower than  th e  average va lue  of 0 .90  f o r  
th e  compensated ca ses .
The low est v a lu e s  fo r  co lour index  in  th e  Tables were 
obtained, in  th e  th r e e  cases of c i r c u la to r y  f a i l u r e  o cc u rr in g  
in  the  c a rd ia c  type of in f e c t iv e  e n d o c a r d i t i s ,  the read in g s  
being  0 .50 , 0.59 and 0 .60 .
14 - Apart from cases where th e  b lood  changes were those  of
secondary anaemia, th e  tendency to  r e l a t i v e l y  decreased  
colour index  v a lu es  in  cases of  sev ere  congestive  f a i l u r e  
showing r a i s e d  e ry th ro c y te  counts above 5 , 000 , 000 , was appa­
r e n t ly  due to  the f a c t  t h a t  in  such cases the  red  c e l l
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counts were r e l a t i v e l y  more in c re a se d  than  were the  haemo­
g lo b in  p e rce n tag e s .
1 5 * The o v e r - s iz e d  e ry th ro c y te s  in  congestive  h e a r t  f a i l ­
u re  were not r e l a t e d  to  corresponding ly  h igh  v a lu e s  fo r  
co lour index , th e  l a t t e r  being always f r a c t i o n a l ,  and i n  no 
case reach in g  u n i ty .  The colour index d id  no t vary  d i r e c t l y  
w ith  th e  volume and d iam eter of the  co rp u sc le s ,  th e  r e s u l t s  
in d ic a t in g  t h a t ,  a t  t im es , th e  average haemoglobin co n ten t 
of th e  co rpusc les  s tood  in  in v e rse  r a t i o  to  th e  volume index  
and mean d iam eter v a lu e .
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V isc o s i ty  of th e  Blood.
I t  has been p rev io u s ly  s ta te d  th a t  th e  average v i s c o s i ty  
v a lu es  f o r  10 normal s u b je c ts  and e ig h t compensated h e a r t  c a se s ,  
as determ ined by the  Hess v isc o s im e te r  were found to  be 5*32 and 
5 .60 , r e s p e c t iv e ly ,  and t h a t  v i s c o s i t i e s  above 6 .0  or below 4 -0 , 
whether f o r  male o r  fem ale, could be reasonab ly  regarded  as be ing  
abnorm al.
The v i s c o s i ty  of th e  blood was determ ined  in  th e  24 cases  
d esc r ib ed  in  Table V II, and i t  was found th a t  20 ca ses  (83 p e r  
c e n t . )  had v i s c o s i ty  read in g s  over 6.Q, th re e  cases  had read ings  
between 4*0 and 5 .0 ,  and th e  rem aining  case had a read in g  below
4 . 0 . I t  should  be mentioned, however, t h a t  in  one of th e se  83 
per  ce n t ,  of cases  (No. 39 ) , a r e l a t i v e l y  lowered v i s c o s i ty  va lue  
a t one time of 4*9 was p r e s e n t .
In  a d d i t io n  to  th e se  24 oases of Table V II, v i s c o s i ty  
d e te rm in a t io n s  were a lso  made on two of th e  fo u r  cases  s tu d ie d  
in more d e t a i l .
The v i s c o s i ty  v a lu es  in  th e  above-mentioned 20 cases  ranged 
from 6 .7  to  12.4* I t  appeared th a t  h ig h e r  v i s c o s i ty  v a lu es  were 
g en e ra l ly  p re s e n t  in  th o se  cases w ith  h ig h e r  v a lu es  fo r  red  c e l l  
count, haemoglobin p e rce n tag e  and volume and d iam eter  of th e  
in d iv id u a l  red  c e l l s .  This i s  shown in  Table XV, which gives 
th e  r e s u l t s  in  10 of th e  ca se s  : -
T A B L E  XV
The viscosity of the hlood in relation to erythrocyte count, 
haemoglobin percentage, and size of red cells, in nine cases of 
severe congestive heart failure :-
Case
No.
Viscosity 
(ITater = 1.0)
Red. Cells 
per c.mm.
Haemo­
globin
7«
Volume
Index
diameter
in
35 11.6 6,204,000 105 1.13 8.08
38 12.4 7,000,000 116 1.09 7.90
41 11.4 6,300,000 106 1.11 7.96
44 ( 10.4 ( 10.2
5.700.000
5.800.000
96
96
1.12
i.10
7.98
7.87
45 9.0 5,540,000 92 1.08 7-77
46 ( io.8 ( 11-4
6.020.000
6.400.000
104
108
1.11
1.10
8.02
7.98
47 ( 9-2  ( 9-4
5.500.000
5.612.000
94
95
1.11
1.10 7.89
48 9-6 5,640,000 94 1.11 7-93
55 10.5 5,900,000 100 1.10 7.96
The viscosity values shown in Table XV were found to be 
between 9.0 and 12.4— which represent definite increases above 
normal - and to be associated with raised erythrocyte counts 
ranging from 5,500,000 to 7,000,000 per c.mm., and with haemo­
globin readings from 92 to 116 per cent. Regarding the size of 
the erythrocytes, i t  was found that eight of these cases were 
included in Table VIII, as having volume indices of 1.09 or over, 
and significantly increased mean diameter values above the
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normal average. The excep tion  was Case 45 > & p a t i e n t  w ith  
s y p h i l i t i c  a o r t i c  r e g u r g i ta t io n  and c o - e x i s t in g  chron ic  b r o n c h i t i s  
and emphysema, who showed only  p robab le  in c re a se s  above normal in  
th e  s iz e  of th e  red c e l l s  (being  th e re fo r e  inc luded  in  Table X), 
but who n e v e r th e le s s  had a r a is e d  blood v i s c o s i ty  of 9 .0 .
I t  appeared  th a t  a f a i r l y  c lo se  correspondence e x is te d  
between th e  h igh  v i s c o s i ty  va lues  in  th e se  n ine  c a se s ,  and th e  
in c re a se  above normal in  number and s iz e  of th e  red  co rp u sc le s .
The v i s c o s i t y  read in g s  in  the  rem aining e leven cases  w ith  
v i s c o s i t i e s  over 6 .0 a re  shown in  Table XVI, which a lso  in c lu d es  
red c e l l  co u n ts ,  haemoglobin p e rc e n tag e s ,  volume in d ic e s  and 
average d iam ete rs  of red c e l l s .
T A B L E  XVI
Case
No.
V isc o s i ty  
(Water = 1 .0 )
Red. C e lls  
p e r  c.mm.
Haemo­
globin
$
Volume
Index
Diameter
in  / i
33 7 .0 4,730,000 74 1.05 7 64
( 7 .8 4 , 800,000 80 1.06 7 75
36 ( 8.0 4,864,000 80 1.08 7 7f( 8.6 5 , 128,000 82 1.07 7 78
37 7-9 4,840,000 75 1 .07 7 79
39 *7-3 4,496,000 74 1.08 7 80
( 6-7 4,496,000 68 1.02 7 604U ( 7-0 4 , 560,000 70 1.03 7 58
42 8.0 5,600,000 90 1.02 7 50
43 8 .6 5,280,000 88 1.08 7 80
49 8 .2 5 , 240,000 88 1.06 7 76
51 8 .4 5,200,000 85 1.09 7 85
53 7-5 4 , 484,000 70 1.07 7 75
56 7-7 5 , 400,000 84 1.00 7 52
* This read in g  was taJcen a f t e r  a 24 hours* d iu r e s i s  up to  100 oz. 
w ith  co n s id e ra b le  d im inu tion  in  oedema.
The v i s c o s i ty  read ings  in  Table XVI, a lthough  on th e  whole 
much lower than  those  in  Table XV, were n e v e r th e le s s  s t i l l  some­
what r a is e d  above th e  normal l i m i t ,  hav ing  ranged from 6.7  to  
8 .6 .  Most of th e  red  c e l l  counts in  th e se  cases  were below
5,000,000 p e r  c.mm., and th e  few th a t  were over t h i s  f ig u r e ,  
were not r a i s e d  to  th e  same ex ten t as th o se  in  Table XV, w ith  
th e  excep tion  of Oases 42 and 56, who had counts of 5 ,600,000 
and 5 ,400,000 r e s p e c t iv e ly .
The haemoglobin percen tages  were a lso  lower than  th o se  in  
Table XV.
With reg a rd  to  th e  s i z e  of th e  c e l l s  in th e se  11 c a se s ,  as 
compared w ith  th e  normal averages , one case (No. 51) ha(i a 
s i g n i f i c a n t l y  in c re a se d  d iam ete r  va lue  of 7*85/^ a correspond­
in g  volume index of 1 . 0 9 ; s ix  cases (Nos. 36, 37 , 39 , 43 , 49 aad 
53) had p ro b ab le  in c re a se s  in  mean d iam ete r  va lue  -  two w ith  an 
almost s i g n i f i c a n t l y  r a i s e d  read in g  of 7«80/< -  and volume in d ic e s  
ran g in g  from 1.06  to  1 . 08 ; and th e  rem aining fo u r  cases (Nos. 3 3 , 
40, 42 and 56 ) , had red  c e l l s  which, acco rd ing  to  th e  s ta n d ard  of 
d i f f e r e n c e s ,  showed no d e v ia t io n  in  s i z e  from th e  normal.
In  seven of th e se  11 cases shown in  Table XVI, i t  appeared 
th a t  th e  h y p e rv isc o s i ty  could  in  p a r t  be r e l a t e d  to  a  s ig n i f i c a n t  
or p robab le  in c re a se  afcove normal, in  s i z e  of th e  red  c e l lB , and 
p o s s ib ly  a ls o  in  a  few causes to  s l i g h t  in c re a se  in  t h e i r  number, 
a lthough  th e  evidence of t h i s  r e l a t io n s h ip  was much l e s s  s t r i k i n g  
than  in  th e  ca ses  com pris ing  Table XV.
In th e  rem ain ing  fo u r  caLses of Table XVI, however, th e re  was
)
1 3
ap p a re n tly  no evidence, as f a r  as could be ob ta ined  by th e  w r i t e r ,  
t h a t  th e  in c re a s e  in  blood v i s c o s i ty  was r e l a t e d  to  in c re a se  in  
volume o r  d iam eter  of th e  c o rp u sc le s ,  w hile th e re  was only evidence 
in  two cases (Nos. 42 and 56) th a t  th e  tendency to  h y p e rv isc o s i ty  
was r e l a t e d  to  a  r a i s e d  re d  c e l l  count over 5 , 000 , 000 .
Of th e  th r e e  cases  w ith  v i s c o s i ty  v a lu es  between 4 5>
one was Case 34, adm itted  in  ex trem is  w ith  a u r ic u la r  f i b r i l l a t i o n  
and g enera l an a sa rca ,  and th e  o th e r  two were Cases 52 and 54, of 
in f e c t iv e  e n d o c a rd i t is ,  and ca rd ia c  f a i l u r e .
The case  w ith  a v i s c o s i t y  re a d in g  under 4 was th e  rem aining  
case (No. 50) of in f e c t iv e  e n d o c a rd i t i s .
R etu rn ing  to  Case 34, i t  was observed th a t  a lthough  th e  volume 
index and average d iam eter  of th e  red  co rp u sc le s  were r a i s e d  above 
norm al, th e  v i s c o s i ty  re a d in g  of 5*0 was much lower than  th a t  of 
any of th e  o th e r  cases  of Tables XV and X V I ,  e x h ib i t in g  such 
co rp u scu la r  en largem ent. I t  was n o te d , however, t h a t  a  d im inu tion  
was p re se n t  in  th e  oedematous s ta g e ,  in  both  th e  red  c e l l  count 
and haemoglobin p e rce n tag e , th e  re a d in g s  being  4 ,520,000 and 73 
p e r  c e n t . ,  r e s p e c t iv e ly .  This p a t i e n t  d ied  s h o r t ly  a f t e r  adm ission , 
so th a t  no f u r t h e r  o b se rv a t io n s  could be made.
Cross oedema was a lso  p re se n t  in  Cases 39 and 51, and i t  was 
found th a t  in  both  cases  th e  blood v i s c o s i ty  was r e l a t i v e l y  
lowered in  th e  s ta g e  of an asa rca ,  b e ing  4-9 and 5*5 r e s p e c t iv e ly ,  
in  a s s o c ia t io n  w ith  a  lowered e ry th ro c y te  count and haemoglobin 
p ercen tag e . The d im inu tion  in  v i s c o s i t y  w ith  in c re a se  in  oedema 
i s  ap p a re n tly  w e l l  i l l u s t r a t e d  in  Case 51, when th e  above-mentioned
rea d in g  of 5*5 compared w ith  th a t  of 8 .4  a t  th e  p rev ious  
exam ination when oedema was only m oderate. In  each of th e se  
two c a se s ,  i t  was found th a t  th e  v i s c o s i ty  rose  w ith  subsidence 
of oedema fo llo w in g  d iu r e s i s  -  in  Case 39 o 7 -3 , and in  Case 51 
to  7*5 -  and th a t  t h i s  r i s e  was a s s o c ia te d  w ith  th e  co in c id e n t 
in c re a se  in  count and haemoglobin percen tag e  a lre ad y  r e f e r r e d  to.
In an o th e r  case (No. 47) w ith  marked oedema (a lthough  not 
amounting to  a n a sa rc a ) ,  th e  v i s c o s i ty  of th e  blood was r a i s e d  
above th e  normal l im i t  in  th e  oedematous s ta g e ,  th e  read in g  
being  9 *2 . This  ca se , however, e x h ib i te d  a r i s e  in  re d  c e l l  
count above 5>0°0,000 P®* c.mm. in  th e  c a p i l l a r y  blood, as 
p re v io u s ly  n o ted , b es ides  an in c re a se  above normal in  th e  s iz e  
of th e  c e l l s .
I t  would appear th a t  v i s c o s i ty  of th e  blood i s  r e l a t i v e l y  
lowered in  th e  s ta g e  of marked oedema, only when th e  l a t t e r  i s  
a s s o c ia te d  w ith  r e l a t i v e  red u c t io n  in  red  c e l l  count and haemo­
g lob in  p e rcen tag e  -  in  o th e r  words, when, as w i l l  be d isc u ssed  
l a t e r ,  a c o n d i t io n  of hydraemia i s  presumably p r e s e n t .  In  such 
ca se s ,  th e  blood v i s c o s i ty  i s  r a is e d  w ith  d iu r e s i s  and subsidence 
of oedema, in  a s s o c ia t io n  w ith  th e  in c re a se  in  haemoglobin and 
red c e l l s .  In  such cases  a l s o ,  p a r a l l e l i s m  ap p a re n tly  e x i s t s  
in  th e  oedematous s tage  between v i s c o s i ty ,  e ry th ro c y te  count and 
haemoglobin p e rce n tag e , but not between v i s c o s i ty  and s iz e  of 
red c e l l s ,  th e  l a t t e r  be in g  f re q u e n t ly  l a r g e r  th an  normal in  
volume and d iam ete r ,  in  co n ju n c tio n  w ith  th e  r e l a t i v e l y  lowered 
v i s c o s i ty .  The s iz e  of th e  c e l l s  can th u s  have l i t t l e  o r  no
75
in f lu e n c e  on blood v i s c o s i ty  when hy&raemia i s  p r e s e n t .
I t  was found th a t  improvement in  c l i n i c a l  co n d it io n , w ith  
r e -e s ta b l ish m e n t  of 1 compensation” , which occurred in  e ig h t of 
th e  p a t i e n t s  in  whom v i s c o s i t i e s  were determined, was a s so c ia te d  
w ith  a f a l l  in  blood v i s c o s i t y  -  in  th e  m a jo r i ty  of cases  to  
va lu es  w ith in  normal l i m i t s  -  to g e th e r  w ith  a red u c t io n  in  red  
c e l l  count, haemoglobin p e rce n tag e , and volume and d iam eter of 
th e  e ry th ro c y te s .  This may be taken  as f u r th e r  evidence th a t  
some p a r t  in  th e  h y p e rv isc o s i ty  of congestive  h e a r t  f a i l u r e  has 
been p layed  by in c re a se  in  number and s iz e  of th e  red blood 
co rp u sc le s .
Excluding f o r  th e  moment Case 39 , who w i l l  be d esc r ib ed  
s e p a r a te ly ,  Table XVII i l l u s t r a t e s  th e  red u c t io n  in  blood 
v i s c o s i ty  on c l i n i c a l  improvement in  th e  rem aining  seven c a se s ,  
two of which (Cases 43 and- 49) a re  tak en  from Table XVI
T A B L E  XVII
Showing F a l l  in  V is c o s i ty  in  seven cases  w ith  c l i n i c a l  
improvement, w ith  co in c id e n t red u c t io n  in  number and s iz e  of 
th e  e ry th ro c y te s  and in  haemoglobin p e rcen tag e .
76
C a s e
No. Cond i t  ion
V is c o s i ty  
(Water -  1 . 0 )
Red C e l ls  
p e r  c.mm.
Haemo­
g lob in
*
Volume
Index
Diam. 
in  /U
35 (S erious(Improved
11.6
6 .5
6,204,000
5 , 372,000
105
96
1.13
1.00
8.08
7-56
41 (S erious  ( Improved
1 1 .4
6 .4
6,300,000
5,420,000
106
98
1.11
O.96
7-96
7-45
43 (S e rious(improved
8 .6
5 .4
5,280,000
4,700,000
88
82
1.08
1.00
7.80
7-44
47 (S e rious(improved
9 .2
5.6
5,500,000
4,800,000
94
86
1.11
0.98
7-95
7-52
48 (S e rio u s(improved
9 .6
5.5
5,640,000
5,000,000
94
88
1.11
1.00
7-93
7-52
49 ( F . S e r i o u s  (improved
8 .2
5-1
5.240.000
4.692.000
88
82
1.06
0.98
7-76
7-49
55 (S erious(improved
10.4
6 .3
5 , 900,000
5,240,000
100
94
1.10
1.01
7 -9.6
7.62
Regarding Case 39, th e  in c re a se  in  v i s c o s i ty  o c c u rr in g  w ith  
subsidence of oedema fo llo w in g  d iu r e s i s  (which a lso  occurred  in  
Case 51 ) . i s  no doubt a s s o c ia te d  w ith  th e  r e l a t i v e  in c re a se  in  
red  c e l l s  and haemoglobin, t h a t  has been noted t o  occur under 
such c o n d i t io n s .  In  th e  form er p a t i e n t ,  w hile no o b se rv a tio n s  
were made a f t e r  2 .9 .2 9  ( th a t  i s ,  d u r in g  h is  f i r s t  s tay  in  
h o s p i t a l ) ,  i t  was n e v e r th e le s s  observed d u r in g  h is  second s ta y  
in  h o s p i t a l ,  t h a t  fo l lo w in g  th e  in c re a se  in  v i s c o s i ty  w ith  
d iu r e s i s  and d im inution  in  oedema, a f a l l  in  v i s c o s i t y  to  w ith in  
normal l i m i t s ,  occurred  w ith  f u r th e r  c l i n i c a l  improvement, 
a s s o c ia te d  w ith  co in c id en t s l i g h t  re d u c t io n  in  th e  number of re d  
c e l l s ,  and f u r t h e r  dec rease  in  t h e i r  s i z e .
I t  w a s  f o u n d  t h a t  o x y g e n  c a u s e d  a  s l i g h t  h u t  c o n s i s t e n t  
r e d u c t i o n  i n  b l o o d  v i s c o s i t y  i n  t h e  f o u r  p a t i e n t s  w i t h  s e v e r e  
c o n g e s t i v e  h e a r t  f a i l u r e ,  i n  w h o m  t h e  e f f e c t s  o f  o x y g e n  w e r e  
s t u d i e d .
T a b l e  X V I I I  i l l u s t r a t e s  t h i s  r e d u c t i o n  i n  v i s c o s i t y  w i t h  
t h e  a d m i n i s t r a t i o n  o f  o x y g e n ,  a n d  t h e  c o i n c i d e n t  s l i g h t  r e d u c ­
t i o n  i n  n u m b e r  a n d  v o l u m e  a n d  d i a m e t e r  o f  t h e  c e l l s ,  a n d  t h e  
h a e m o g l o b i n  p e r c e n t a g e
T A B L E  X V I I I
R e d u c t i o n  i n  B l o o d  V i s c o s i t y  f o l l o w i n g  i n h a l a t i o n  o f  o x y g e n .
Case
No.
V is c o s i ty  
(Water -  1 . 0 )
R e d  CeXXs 
p e r  c.mm.
Haemo­
globin
$
Volume
Index
Diam. 
in  yU Remarks
35 ( XX.6 6,204 ,000 ic  5 1.13 8.08 Before oxygen
( 9-6 5,800,000 100 1.08 7.82 A fte r  oxygen
AX ( XX.A 6,300 ,000 106 1.11 7.96 Before oxygen( 9-6 5,900,000 102 1.07 7 -7X A fte r  oxygen
AA ( X0 .4 5,700,000 96 1.12 7-98 Before oxygen
( 9 ,0 5,420,000 92 1.08 7-78 A fte r  oxygen
46 ( 11-4 6 , 400,000 108 1.10 7-98 Before oxygen
( 9-8 5,872,000 102 1.07 7-76 A fte r  oxygen
T h e  f i n d i n g s  i n  t h i s  s e c t i o n  d e a l i n g  w i t h  v i s c o s i t y  o f  t h e  
b l o o d  m a y  b e  s u m m a r i s e d  a s  f o l l o w s
1 . Of th e  24 cases of congestive  h e a r t  f a i l u r e  shown in
T a b l e  V I I ,  i n  w h i c h  b l o o d  v i s c o s i t y  e s t i m a t i o n s  w e r e  i n c l u d e d ,  
i t  w a s  f o u n d  t h a t  20 c a s e s  (83 p e r  c e n t . )  g i v e  r e a d i n g s  o v e r
6 . 0 ,  t h e  r e a d i n g  t a k e n  t o  r e p r e s e n t  t h e  u p p e r  l i m i t  o f  t h e
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of 4 .0  to  6 .0 ,
normal r a n g e , / in  which range i s  inc luded  th e  average value 
f o r  th e  normal s u b je c ts  (5 .32) and th a t  f o r  th e  compensated 
cases (5 -6 0 ) .  The v i s c o s i t y  va lues  in  th e se  20 cases ranged 
from 6 .7  to  12.4-
2 . In n in e  of th e se  ca ses ,  a r e la t io n s h ip  appeared to  e x i s t ,
as shown in  Table XV, between th e  h y p e rv isc o s i ty  and th e
in c re a se  above normal in  th e  number of e ry th ro c y te s ,  and in
t h e i r  in d iv id u a l  volume and d iam ete r .  High v i s c o s i ty  va lues  
of from 9*0 to  12 .4  were p re se n t  in  th e se  9 p a t i e n t s ,  who 
ex h ib i te d  r a is e d  e ry th ro c y te  counts rang ing  from 5,500,000 
to  J , 0 00 ,0 0 0  p e r  c.mm. (and haemoglobin read ings  from 92 to  
116 p e r  c e n t . ) ,  and s ig n i f i c a n t  in c re a se s  in  th e  s iz e  of 
in d iv id u a l  e ry th ro c y te s  above normal in  8 of th e  ca se s ,  and 
a p robab le  in c re a se  above normal in  th e  rem aining  case .
3 - (a) In  th e  rem aining eleven cases w ith  blood v i s c o s i ty  va lues
over 6 .0 ,  th e se  v a lu es  ranged from 6 .7  to  8 .6 ,  (as seen in  
Table XVI) and were, th e r e f o r e ,  r e l a t i v e l y  lower than  th o se  
in  Table XV. Most of th e  e ry th ro c y te  coun ts  in  th e se  ca ses  
were below 5,000,000 p e r  c.mm., and th e  few th a t  were above 
t h i s  f ig u r e  were, w ith  two excep tions  -  where th e  counts were 
5 ,600,000 and 5,400,000 -  not r a i s e d  to  th e  same ex ten t as 
th o se  in  Table XV. The haemoglobin p e rcen tag es  were a lso  
lower than  those  of Table XV.
(b) One of th e se  c a se s ,  however, had. red  c e l l s  s i g n i f i c a n t l y  
in c re a se d  in  d iam eter  above norm al, acco rd ing  to  th e  s ta n d a rd  
of  d i f f e r e n c e s ,  w ith  a  co rrespond ing  volume index of 1 .09 ,
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w hile an o th e r  s ix  cases  had red  c e l l s  w ith  probab le  in c re a se s  
in  d iam ete r  above normal, and volume in d ic e s  ran g in g  from 
1.06  to  1 . 08 . The red  co rp u sc le s  in  th e  rem aining fo u r  cases 
could ap p a re n tly  be d is reg a rd e d  as showing any d e v ia t io n  in  
s iz e  from th e  normal, accord ing  to  th e  s ta n d a rd  of d if fe re n ce s ,
(c) In seven of th e se  eleven c a se s ,  i t  appeared th a t  th e  
in c re a se  in  blood v i s c o s i ty  was p o s s ib ly  r e l a t e d  in  p a r t  to  
a s i g n i f i c a n t  or p robab le  in c re a s e  above normal in  s iz e  of 
th e  in d iv id u a l  co rp u sc le s ,  and in  a few cases a lso  to  a 
s l i g h t  in c re a se  in  t h e i r  number, a lthough t h i s  apparen t 
r e l a t io n s h i p  was much le s s  marked than  in  th e  cases shown in  
Table XV. In th e  rem aining  fo u r  c a ses ,  th e re  was no evidence, 
acco rd ing  to  th e  s ta n d a rd  of d i f f e r e n c e s ,  th a t  th e  h y p e rv is ­
c o s i ty  was r e l a t e d  t o  co rp u scu la r  enlargement above normal, 
w hile  t h e r e  was only evidence in  two cases  th a t  i t  was 
r e l a t e d  to  in c re a se  in  th e  red  co rpusc le  count above norm al.
In  th e se  two c a se s ,  however, th e  v i s c o s i ty  va lues  were 
r e l a t i v e l y  h ig h e r  th an  in th e  o th e r  two cases of th e  l a s t -  
mentioned group of fo u r  ca ses .
Improvement in  gen e ra l c l i n i c a l  c o n d i t io n  was accom­
pan ied , as  i l l u s t r a t e d  in  Table XVII, by re d u c t io n  in  b lood 
v i s c o s i ty  (w ith  g e n e ra l ly  a r e tu r n  to  va lues  w ith in  normal 
l i m i t s ) ,  to g e th e r  w ith  th e  c o in c id e n t  re d u c t io n  in  red  c e l l  
count, haemoglobin p e rc e n ta g e ,  volume index and average 
d iam eter  o f  th e  e ry th ro c y te s ,  a l re a d y  n o ted  in  p rev io u s  
s e c t io n s  of th e  a n a ly s i s  of th e  r e s u l t s .  This su p p o rts ,  to
some e x te n t ,  th e  apparent p a r a l l e l i s m  between th e  inc reased  
v i s c o s i ty  of th e  blood in  congestive  h e a r t  f a i l u r e ,  and th e  
in c re ase  in  s iz e  and number of th e  e ry th ro c y te s .
5 * In h a la t io n  of oxygen was observed to  b r in g  about a
red u c t io n  in  th e  v i s c o s i ty  of th e  blood, to g e th e r  w ith  th e  
co in c id en t  s l i g h t  red u c t io n  in  number and volume and 
d iam eter  of th e  c o rp u sc le s ,  and in  haemoglobin p e rcen tag e , 
p re v io u s ly  no ted .
6. The v i s c o s i ty  read ings in  th e  cases of congestive
h e a r t  f a i l u r e  where in f e c t iv e  e n d o c a rd i t is  was superimposed 
on ch ron ic  v a lv u la r  d i s e a s e ,  were below normal l im i t s  
( i . e .  below 4*0) in  one case , and b are ly  w ith in  th e  normal 
range, a t  i t s  lower l i m i t ,  in  th e  rem aining two cases .
7 * (a) In  th re e  cases w ith  genera l an asa rca ,  a r e l a t i v e l y
lowered v i s c o s i ty  was o b ta in ed , in  a s s o c ia t io n  w ith  a 
lowered re d  c e l l  count and haemoglobin p e rcen tag e . The 
in d iv id u a l  red  c e l l s  in  th e se  ca ses  gave h igh  va lues  f o r  
volume index and s i g n i f i c a n t l y  in c re ase d  d iam eter v a lu es  
above norm al, so t h a t  in  th e se  c a se s ,  where gross oedema 
was p r e s e n t ,  th e  v i s c o s i ty  of  th e  blood ap p a ren tly  stood 
in  d i r e c t  r a t i o  to  th e  number of e ry th ro c y te s  and th e  
haemoglobin p e rcen tag e  but not to  th e  s iz e  of th e  c e l l s .
Two of th e  above mentioned th r e e  cases  e x h ib i te d  a subse­
quent r i s e  in  v i s c o s i ty  w ith  d im inu tion  in  oedema fo l lo w in g  
d iu r e s i s ,  a s s o c ia te d  w ith  an in c re a s e  in  count and haemoglobin 
p e rce n tag e ,  but one of them a lso  showed th a t  when f u r th e r
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c l i n i c a l  improvement occurred , th e  v i s c o s i ty  of th e  blood 
f e l l ,  in  a s s o c ia t io n  w ith  a red u c t io n  in  red  c e l l  count and 
haemoglobin p e rcen tag e .
(b) In ano ther  case w ith  marked -oedema, which d id  n o t ,  
however, amount to  g en e ra l  an a sa rca ,  th e  blood v i s c o s i ty  
was r a i s e d  in  th e  oedematous s ta g e .  The l a t t e r  s tage  was, 
however, in  t h i s  c a se ,  a s s o c ia te d  w ith  an in c re ase d  e ry th ro ­
cy te  count above 5>000,000, as compared w ith  th e  r e l a t i v e l y  
d im in ished  count in  th e  th re e  cases  above mentioned.
T A B L E  X IX
C A SE  E . W .  O B SER V A TIO N S I N  A C A SE  OF RHEUMATIC C A R D I T I S ,  WITH M ITRAL S T E N O S I S  AND R E G U R G IT A T IO N , SHOWING
SEV ER E C O N G E ST IV E  HEART F A I L U R E , WITH EXACERBATIONS AND R E M I S S I O N S .
Date C ondition  and C l in ic a l  Notes
Red C e l ls  
p e r  c.mm.
Haemoglobin Haematocrit
Reading
Volume
Index
Colour
Index
Aver. 
Diam. 
in  j u
6. 5-89 G ir l  aged 10 y e a rs .  Rheumatic f e v e r  10 months p re v io u s ly .  Admitted 3 .5 .2 9  w ith  
severe  co n g es tiv e  h e a r t  f a i l u r e .  C l in ic a l  c o n d it io n  on 6 . 5*29
Malar f l u s h ,  p u l s a t io n  of c e r v i c a l  v e in s ;  dyspnoeic, o r th o p n o e ic ,  cyanosed; h e a r t  
en la rg ed , w ith  s y s t o l i c  and d i a s t o l i c  murmurs a t  apex, and t r i c u s p i d  s y s to l i c  
murmur; numerous f i n e  c r e p i t a t i o n s  a t  bases  of both lu n g s ,  p e r s i s t e n t  cough; 
en la rg ed , te n d e r  l i v e r ,  s l i g h t  a s c i t e s ;  oedema of le g s ,  th ig h s ,  and lumbar back; 
u r in e :  S.G. 1026 , albumin p r e s e n t .  Temperature 9 8 .0 ° F. P u lse  140 , r e g u la r .  
R e s p ir a t io n s  28 . U rinary  output f o r  p a s t  24 hours -  24 0 2 ................................................ 4 ,048,000 68 45 1.11 0 .84 7-98
9-5-29 C ondition  s t i l l  s e r io u s ,  but oedema l e s s ;  u r in a ry  output = 39 02.......................................... 4 ,400,000 76 48 1.09 0.86 7-84
14-5-29 General Anasarca p r e s e n t .  U rinary  ou tput f o r  p a s t  24 hours * 20 02 ................................... 3 ,840,000 65 42 1.09 0.84 7-90
18.5.29 S l ig h t ly  improved. Oedema much l e s s ;  dyspnoea and cy an o s is  l e s s .  P u lse  100 .
R e s p ira t io n s  24. U rinary  output has in c re ase d ;  e .g .  f o r  p a s t  24 hours i t  was 50 08- 4 ,700,000 80 50 1.06 0 .85 7-70
22.5.29 C ondition  poor. More dyspnoea and cy an o s is ;  ac u te  b r o n c h i t i s  p r e s e n t ,  a lso  marked 
co nges tion  both lu n g  b ases ; l i v e r  en la rg ed  and te n d e r ;  in c re a se  in  oedema of f e e t  
and le g s .  Temperature 100 . 4° F. P u lse  140. R e sp ira t io n s  36. U rinary  
ou tput = 34 02...................................................................................................... ........................................... 5 ,240,000 86 57 1.09 0.82 7-85
do. 4,816,000 82 51 1.05 0.85 7-64
25. 5.29 C ondition  improved. Dyspnoea s l i g h t ;  s l i g h t  oedema of ank les  on ly ; l i v e r  sm a lle r ,  
no a s c i t e s .  P u lse  108 . R e s p ira t io n s  24* U rinary  ou tput « 42 02 ................................. 4 ,680,000 80 48 1.02 0.85 7-50
29. 5.29 More dyspnoea and cy an o s is ;  well-m arked s ig n s  o f  pulmonary co n g es tio n . L iver 
in c re ase d  in  s ie e  and te n d e r .  Oedema of f e e t  and l e g s ,  s l i g h t  a s c i t e s .  
Temperature 99° F. P u lse  120 . R e s p ira t io n s  30. Albumin in  u r i n e ............................... 5 ,200,000 84 56 1.08 0 .80 7 .80
do. 4,800,000 81 50 1.04 0 .84 7-60
14. 6.29 G enera lly  much improved. No dyspnoea a t  r e s t ,  cyanosis  v e ry  s l i g h t ;  l i v e r  only 
s l i g h t l y  en la rg ed , no t te n d e r ;  oedema n i l ;  lu n g  bases c l e a r .  P u lse  90* 
R e s p ir a t io n s  22 ............................................................................................................................................... 4,648,000 80 46 0.99 0.86 7-46
25. 6.29 C ondition  very  poor. F ine moist r a l e s  a t  lu n g  bases w ith  s l i g h t l y  im paired 
p e rc u s s io n ;  oedema p re se n t  again  in  f e e t  and le g s ;  l i v e r  in c re ase d  in s iz e .
Severe dyspnoea, more marked cy an o s is .  Temperature 98*8° P u lse  120 . 
R e s p ira t io n s  30 ................................................................................................................................................ 5,180,000 85 58 1.11 0.82 7.90
do. 4,852,000 82 52 1.07 0.84 7-68
I8.7.29 C ondition  g r e a t ly  improved and p r a c t i c a l l y  no evidence of h e a r t  f a i l u r e .  No dyspnoea; 
cy a n o tic  t in g e  of l i p s  on ly ; lungs c l e a r ;  l i v e r  only s l i g h t l y  en la rg ed , and not 
te n d e r .  No oedema. U rine: No albumin, S .G .1016 . P u l s e - r a f e  88. R e sp ira t io n s  20 . 4 ,600,000 80 46 1.00 0.87 7-42
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DESCRIPTION OF FOUR CASES STUDIED IN GREATER DETAIL
As p re v io u s ly  s t a t e d ,  in  a d d i t io n  to  the  fo reg o in g  36 cases  
th a t  have heen s tu d ie d ,  f re q u en t d e te rm in a t io n s  were made on fo u r  
cases  of severe  congestive  h ea r t  f a i l u r e ,  showing ex a ce rb a tio n s  
and rem iss io n s  of th e  c a rd ia c  f a i l u r e .  The r e s u l t s  in  th e se  fo u r  
cases  a re  shown in  Tables XIX, XX, XXI and XXII, and c h a r ted  in  F i­
gures l f  2 ,  3 and 4 * A f u r t h e r  s e t  of o b se rv a tio n s  was made on 
th e  f o u r th  case on readm ission  to  H o sp i ta l  w ith  recu rren ce  of 
congestive  h e a r t  f a i l u r e ,  and th e  r e s u l t s  a re  shown in  Table XXIII. 
Two cases  were s tu d ied  b e fo re  v i s c o s i ty  d e te rm in a t io n s  were under­
ta k e n ,  and in  th e  o th e r  two ca ses ,  v i s c o s i ty  e s t im a tio n s  a re  
inc luded .
The f i r s t  case was th a t  of a l i t t l e  g i r l  (E.W.) aged IQ, 
adm itted  to  th e  H o sp i ta l  w ith  severe  h e a r t  f a i l u r e  of th e  
congestive  ty p e ,  due to  rheum atic c a r d i t i s ,  w ith  m i t r a l  s te n o s is  
and r e g u r g i t a t io n .  Gross oedema was a prominent f e a tu r e  of th e  
c l i n i c a l  c o n d i t io n  fo r  a  sh o r t  time a f t e r  adm ission, but was soon 
to  a g re a t  e x te n t  removed w ith  s u i t a b le  t re a tm e n t .  The th r e e  
ex ace rb a tio n s  of th e  c a rd ia c  f a i l u r e  which occurred  d u r in g  th e  
time she was observed by th e  w r i t e r ,  were a s s o c ia te d  mainly w ith  
pulmonary co m p lic a tio n s ,  a l though  a c o in c id e n t moderate in c re a se  
in oedema o ccu rred , and an in c re ase  a lso  in  h e p a t ic  enlargem ent. 
Oxygen was given a t  each e x a ce rb a tio n ,  and o b se rv a tio n s  made 
b efo re  and a f t e r  i t s  a d m in is t r a t io n .
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The r e s u l t s  in  t h i s  case a re  shown in  Tahle XIX (which 
r e l a t e s  th e  blood f in d in g s  to  th e  c l i n i c a l  c o n d itio n )  and 
c h a r te d  in  F ig u re  1 .
The p r in c ip a l  p o in ts  observed in  t h i s  case were as  fo llo w s
1 . A c lo se  correspondence e x is te d  between volume index and 
mean red  c e l l  d iam ete r , t h e i r  curves in  F igu re  1 , being  
p r a c t i c a l l y  p a r a l l e l .
2 . O bservations made in  th e  s tag e  of advanced f a i l u r e  
a s s o c ia te d  w ith  g ross  oedema (as  on 6.5*29 and 14.5*29)> 
rev ea led  a r e l a t i v e  red u c t io n  in  e ry th ro cy te  count and 
haemoglobin p e rce n tag e . The v a lu es  f o r  volume index and 
mean d iam eter  of th e  co rp u sc les  in  t h i s  s ta g e ,  were above 
normal, a lthough not m a te r ia l ly  d i f f e r e n t  from th o se  a t 
subsequent ex ace rb a tio n s  of th e  h e a r t  f a i l u r e  when oedema 
was not such a pronounced c l i n i c a l  f e a tu r e .
3 * On 18 . 5 . 29 , when co n s id e rab le  d im inution  in  th e  oedema
mentioned under (2) had occu rred , fo llo w in g  trea tm en t w ith  
d i u r e t i c s ,  an in c re a se  was found to  have tak en  p la c e  in  red  
c e l l  count and haemoglobin p e rce n tag e , to g e th e r  w ith  a 
s l i g h t  d im inu tion  in  volume and d iam eter of th e  in d iv id u a l  
co rp u sc le s .  Less marked changes, but n e v e r th e le s s  of a 
s im i la r  c h a ra c te r ,  were observed on 9 .5 .2 9 ,  fo l lo w in g  some 
d im inu tion  in  oedema.
4. On th r e e  occasions  a f t e r  18 . 5 -29 , when ex a ce rb a tio n s
of th e  c a rd ia c  f a i l u r e  occurred  and were a s s o c ia te d  w ith  
well-m arked pulmonary co m p lica tio n s , th e  volume index and
mean d iam eter  of th e  e ry th ro c y te s  gave va lu es  r a i s e d  above 
th e  normal averages , w ith  d iam eters  in  two of th e  exacerba­
t i o n s  in d ic a t in g  a s ig n i f i c a n t  enlargement of th e  co rp u sc les  
above norm al, and in  th e  t h i r d  one, an almost s ig n i f i c a n t  
enlargement above normal. An in c re a se  was a lso  observed on 
each o ccas io n , in  red  c e l l  count and haemoglobin p e rc e n ta g e ,  
r e l a t i v e l y  more marked in  th e  form er than  in  th e  l a t t e r ,  so 
th a t  each ex ace rb a tio n  was c h a ra c te r i s e d  by a s l i g h t  diminu­
t i o n  in  th e  value f o r  co lour index . The average red  c e l l  
count f o r  th e  th re e  ex ace rb a tio n s  of th e  c a rd ia c  f a i l u r e ,  
was found to  be 5>200,000  p e r  c.mm., w hile  th e  average 
haemoglobin value was 85 p e r  c e n t .
The e f f e c t s  of oxygen ad m in is te red  a t  th e  tim e of th e  
ex a ce rb a tio n s  described under (4 ) Tor th e  in c re ase d  cyanos is  
and dyspnoea, were found to  be a s l i g h t  but c o n s is te n t  
d im inu tion  in  volume index and mean d iam eter  of th e  e r y th ro ­
c y te s ,  to g e th e r  w ith  a c o in c id e n t s l i g h t  red u c t io n  in  red  
c e l l  count and haemoglobin p e rcen tag e . These e f f e c t s  a re  
i l l u s t r a t e d  in  F igure  1 , a t  A, B and 0 .
More complete rem ission  of th e  c i r c u la to r y  symptoms 
fo l lo w in g  th e  s l i g h t  c l i n i c a l  improvement a f t e r  oxygen, was 
a s s o c ia te d  w ith  f u r t h e r  red u c tio n  in  red  c e l l s ,  and to  a l e s s  
ex ten t in  haemoglobin, and a lso  a f u r th e r  d im inu tion  in  volume 
index and mean d iam eter  of th e  c e l l s  to  normal v a lu e s .
The r e l a t io n s h ip  observed in  F igure  1 , between th e  
curves f o r  volume index, mean d iam ete r ,  and co lo u r  index,
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showed, t h a t  th e  in c re a se  in  s iz e  of th e  corpusc les  a t  
ex ace rb a tio n s  A, B, and C, was not accompanied by a 
correspond ing  in c re a se  in  t h e i r  average haemoglobin 
c o n ten t ,  th e  l a t t e r ,  in  f a c t ,  showing, on th ese  occasions , 
a  tendency to  s l i g h t  red u c tio n  in  value .
This l i t t l e  g i r l  m ain ta ined  h er  improvement f o r  some 
tim e a f t e r  th e  da te  o f  th e  l a s t  o b se rv a tio n ,  but l a t e r  
developed a recu rren ce  of th e  h e a r t  f a i l u r e ,  and d ied .
I was away a t th e  tim e, so th a t  no f u r th e r  o b se rv a tio n s  
were made.
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T A B  I I  XX
CASE W.O'C. OBSERVATIONS IN A CASE OF MITRAL STENOSIS AND REGURGITATION, SHOWING
SEVERE CONGESTIVE HEART FAILURE.
Date C ond ition  and C l in i c a l  Notes
Red C e l ls  
p e r  c.mm.
Haemoglobin Haematocrit
Reading
Volume
Index
Colour
Index
Aver.
Diam.
in
8 . 5.29 Male, aged 2 5 - No h i s t o r y  of  rheum atic  f e v e r ,  hut one of growing p a in s  
when a  boy. I n c r e a s in g  b r e a th le s s n e s s  f o r  fo u r  months p r io r  to  
adm ission . Admitted 8 .5 .2 9 ,  w ith  advanced co n g e s tiv e  h e a r t  f a i l u r e .
Face f lu s h e d ,  engorgement and p u l s a t io n  of c e r v i c a l  v e in s ;  cyanosed and 
s l i g h t l y  i c t e r i c ,  o r th o p n o e ic  and dyspnoeic; numerous moist r& les a t  
b a ses  of lu n g s  w ith  s l i g h t  d u ln e ss ;  moderate oedema of f e e t  and le g s ;  
l i v e r  en la rg ed , p u l s a t i n g  and te n d e r .  Heart en la rg e d ,  w ith  s ig n s  of 
m i t r a l  s te n o s is  and r e g u r g i t a t i o n ;  and t r i c u s p i d  r e g u r g i ta t io n .  Tem­
p e r a tu r e  9 8 . 8 °. P u lse  120 , r e g u la r .  R e s p ira t io n s  28 . Urine: S .G .1026, 
albumin p r e s e n t ,  and o c c a s io n a l  h y a l in e  c a s t s  ....................................................... 6 ,108,000 100 68 1.11 0 .8 1 7-96
I6 .5 .29 Improvement in  c o n d i t io n .  Dyspnoea and cy an o sis  l e s s ;  oedema of f e e t  only; 
l i v e r  s l i g h t l y  d im in ished  in  s i z e .................................................................................... 5 ,580,000 95 59 1 .05 O.85 7-71
21.5.29 Improvement m a in ta in ed . F a i r  c o n d i t io n .  P u lse  r a t e  9 4 - R esp ira tio n s  22 . . 5 , 340,000 92 57 1 .0 6 0 .8 6 7-68
6.6 .29 C o n d itio n  bad. Pronounced dyspnoea and orthopnoea; marked cyanosis; l i v e r  
g r e a t l y  en la rg ed ;  a s c i t e s  p r e s e n t ;  in c re a s e  in  oedema, now in le g s  and 
t h ig h s ,  and s l i g h t l y  in  lumbar back. Right hydro thorax ; congestion and 
oedema a t  lu n g  b ases .  P u lse  r a t e  126 . R e s p i r a t io n s  JO. Temperature
9 9 0  ................................................................................................................................................................. 5,816,000 97 64 1.10 O.83 7.89
IO.6.29 81 ig h t  improvement in  c o n d i t io n .  Dyspnoea r e l i e v e d  a f t e r  p a ra c e n te s is  
perform ed f o r  hydro thorax  and oxygen in h a la t io n s .  U rinary  output 
in c re a se d  a f t e r  0 .75  c c - n o v a s u ra l ,  in  a d d i t io n  to  d i g i t a l i s  th e ra p y  . . . 5 ,500,000 93 58 1.05 O.84 7-67
13. 6.29 F a i r  c o n d i t io n .  M oderately dyspnoeic and cyanosed. Lungs s t i l l  congested ; 
oedema o f  f e e t  and l e g s ;  l i v e r  as  b e fo re ,  s l i g h t  a s c i t e s ;  u r in e :  albumin 
p r e s e n t ,  S.G. 1022 . P u lse  r a t e  118 , r e g u la r .  R e sp ira t io n s  26 ..................... 5 ,420,000 92 57 1 .05 O.85 7.70
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The second case  was th a t  o f  a  male p a t i e n t  (w .O 'C .) , aged 
25, adm itted  w ith  advanced co n g es tiv e  h e a r t  f a i l u r e ,  due to  
m i t r a l  s te n o s is  and r e g u r g i t a t io n .  There was a h i s to r y  of 
growing p a in s ,  but not a c tu a l ly  of rheum atic  f e v e r .  This 
p a t i e n t  had one ex a ce rb a tio n  of th e  h e a r t  f a i l u r e  d u r in g  th e  
tim e he was s tu d ied  by th e  w r i t e r ,  which was fo llow ed  by a 
s l i g h t  rem iss io n  of symptoms, and c l i n i c a l  improvement m ain ta ined  
f o r  a  few days. A f te r  t h i s ,  however, h i s  c o n d i t io n  became 
se r io u s  ag a in , and he d ie d ,  s ix  weeks a f t e r  adm ission .
The r e s u l t s  in  t h i s  ca se ,  to g e th e r  w ith  n o te s  on c l i n i c a l  
co n d i t io n  (as f a r  as th e  p a t i e n t  has been s tu d ied )  are  
shown in  Table XX, from which th e  fo l lo w in g  p o in ts  emerged
1 . The s ta g e  of pronounced h e a r t  f a i l u r e  w ith  congestion ,
p re se n t  a t  th e  tim e of th e  p a t i e n t ' s  adm ission to  h o s p i t a l ,  
was a s s o c ia te d  w ith  (a)  v a lu e s  f o r  volume index and average 
d iam ete r  of red  c e l l s ,  r a i s e d  above t h e i r  r e s p e c t iv e  normal 
s ta n d a rd s ;  (b) po lycy thaem ia , w ith  th e  number o f  red  c e l l s  
p r o p o r t io n a te ly  more in c re a se d  th an  th e  p e rcen tag e  of 
haemoglobin.
2. R em ission o f th e  c i r c u la to r y  symptoms, a s  on 16.5-29> 
was a s s o c ia te d  w ith  a d im in u tio n  in  re d  c e l l  coun t, and -  
to  a  l e s s  degree -  in  haemoglobin p e rc e n ta g e , and a  s l i g h t  
d im in u tio n  a ls o  in  volume and d iam ete r o f th e  in d iv id u a l 
c o rp u sc le s . The c o lo u r  index showed a s l ig h t  in c re a se  in  
v a lu e . Changes o f a  s im ila r  c h a ra c te r  o cc u rred  w ith  th e  
s l ig h t  re m iss io n  o f symptoms on 1 0 . 6 . 29 .
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3. E xacerbation  of th e  h e a r t  f a i l u r e  on 6 . 6 . 29 , was
a s s o c ia te d  w ith  in c re a s e  in  volume index and mean d iam eter  
of th e  re d  c e l l s  ( th e  d iam eter value in d ic a t in g ,  acco rd in g  
to  th e  s tan d a rd  of d i f f e r e n c e s ,  a  s i g n i f i c a n t  in c re a s e  in  
s iz e  of th e  c o rp u sc le s  above t h e i r  average normal s i z e ) ,  
and an in c re a s e  in  re d  c e l l  count and -  t o  a l e s s  ex ten t -  
in  haemoglobin p e rc e n ta g e .  The enlargement of th e  e r y th r o ­
cy te s  was no t acoompanied, under th e s e  c o n d i t io n s ,  by a  
co rresp o n d in g  in c re a s e  in  th e  haemoglobin con ten t of th e  
c o rp u s c le s ,  th e  c o lo u r  index, in  f a c t ,  te n d in g  to  show a 
s l i g h t  d im inu tion  in  v a lu e .
A g raph ic  r e p r e s e n ta t io n  of th e  d a ta  given in  Table XX, 
r e l a t i n g  to  volume and d ia m e te r  of red  c e l l s ,  red  c e l l  count, 
haemoglobin p e rce n tag e  and co lour  index , i s  shown in  F igure  2 .
T A B L E  XXI
CASE J .G . OBSERVATIONS IN A CASE OF ADHERENT PERICARDIUM, MITRAL STENOSIS AND REGURGITATION, 
SHOWING SEVERE CONGESTIVE HEART FAILURE WITH EXACERBATIONS AND REMISSIONS.
Date C ond ition  and C l in ic a l  Notes
Red C e lls  
p e r  c.mm.
Haemoglobin Haematocrit
Reading
Volume
Index
Colour
Index
Aver. 
Diam. 
in j u
V is c o s i ty  
(Water = 1 . 0 )
2 . 7-29 Male, aged 17* H is to ry  of th r e e  a t t a c k s  of rheum atic f e v e r  
(once in  1919 and tw ice  in  1927). In c re a s in g  b re a th le s s n e s s  
and s w e l l in g  of l e g s  and abdomen f o r  some weeks b e fo re  
adm ission .
Admitted 1 .7 .2 9 ,  w ith  severe  co n g e s tiv e  h e a r t  f a i l u r e .  Face 
f lu s h e d ,  p u l s a t io n  of v e in s  in  neck; o r th o p n o e ic ,  dyspnoeic 
and cyanosed; numerous f in e  c r e p i t a t i o n s  a t  bases of lungs , 
and s l i g h t l y  im paired p e rc u s s io n ,  bad cough; h e a r t  g r e a t ly  
en la rg e d ,  s ig n s  of adheren t p e r ic a rd iu m , m i t r a l  s t e n o s i s  and 
r e g u r g i t a t io n  and t r i c u s p i d  r e g u r g i t a t io n ;  l i v e r  much 
e n la rg ed ,  t e n d e r ,  a s c i t e s  p r e s e n t ;  oedema of leg s  and th ig h s .  
U rine : 8 . G .  1024 , albumin p r e s e n t ,  no c a s t s  seen. Temperature 
9 9 -0° F .  P u lse  120 , r e g u la r .  R e s p ir a t io n s  28 ................................. 5 ,910,000 96 65 1.10 0.81 7.98
I
9-6
11.7.29 C ondition  somewhat improved. Less dyspnoea and cy a n o s is ,  lung 
bases  c l e a r e r ;  oedema of le g s  o n ly ........................................................... 5 ,300,000 92 56 l.Og 0*86 7.70 7-4
14. 7.29 Not so w e l l .  More dyspnoea and cy a n o s is ,  f in e  moist r a l e s  a t  
bases  of lu n g s . A sc i te s  s t i l l  p r e s e n t ;  oedema of l e g s ,  and 
s l i g h t  p i t t i n g  of t h i g h s ................................................... .............................. 5 ,620,000 94 61
Sf ■ 
1 . 0 $ O.83 7.86 8 .5
20.7.29 C ondition  p r a c t i c a l l y  unchanged......................................................................... 5 ,700,000 94 61 1.07 0.82 7.88 8 .4
2.8.29 Improvement in  c o n d i t io n .  S l ig h t  dyspnoea and cyanosis ;  oedema 
of f e e t  on ly , l i v e r  s t i l l  en la rg ed  but no t te n d e r .  Lungs 
c l e a r e r .  Trace of albumin in  u r in e .  P u lse  r a t e  9 0 * 
R e s p i r a t io n s  22 ...................................................................................................... 5 ,200,000 90 53 1.02 0.86 7.58 6-5
19. 8.29 In c re a s e  in  dyspnoea and cy a n o s is .  C ongestion and oedema both 
lu n g  b ases .  Tem perature 99° F* P u lse  110 . R e s p ira t io n s  28 . 5 ,800,000 95 63 1.09 0.82 7.90 8 .6
do. 5 , 432,000 92 57 1.05 O.84 7.69 7-4
7. 9.29 General c o n d i t io n  much improved. No orthopnoea or dyspnoea, 
lungs c l e a r .  S l ig h t  c y a n o tic  t in g e  of l i p s ,  l i v e r  s l i g h t l y  
e n la rg e d ,  but not te n d e r .  No oedema, no a s c i t e s .  No albumin 
in  u r in e .  (U rinary  ou tpu t & 50 o z . ) ;  P u lse  r a t e  86, 
R e s p i r a t io n s  2 0 ...................................................................................................... 5,040,000 89 50 0.99 0.88 7.50 6 .0
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R E N I I S S f O N S  A T  a ,  c ,
AND FOLL OW IN G D .  
e x a c e r b a t i o n s  AT
E F F E C T S  OF o k y s e n  
S E E N  A T  J > .  .
The t h i r d  ease was t h a t  of a young male ( J . G . ) ,  aged 17 , 
adm itted  w ith  a severe  degree  of co n g es tiv e  h e a r t  f a i l u r e  due 
to  rheum atic  h e a r t  d i s e a s e ,  w ith  adheren t p er ica rd iu m , and m i t r a l  
s t e n o s i s  and r e g u r g i t a t io n .  This p a t i e n t  a ls o  e x h ib i te d  exacerba­
t i o n s  and rem iss io n s  of th e  c i r c u la to r y  symptoms, and a f t e r  b e ing  
t r e a t e d  on g en e ra l  l i n e s  w ith  r e s t ,  d i g i t a l i s ,  and d i u r e t i c s  (such 
as d iu r e t i n  and th e o c in  sodium a c e t a t e ) ,  was f i n a l l y  d isch a rg ed , 
improved, 12 weeks a f t e r  adm ission.
The r e s u l t s  in  t h i s  case a re  shown in  Table XXI, and may be 
summarised as fo llow s
1 . The s ta g e  of severe  co n g es tiv e  h e a r t  f a i l u r e  p re se n t  a t
th e  tim e of th e  p a t i e n t ' s  adm ission to  h o s p i t a l  was a s s o c ia te d
w ith  (a)  in c re ase d  v a lu es  above t h e i r  r e s p e c t iv e  normal
s ta n d a rd s ,  f o r  volume index and mean d iam eter of th e  red  c e l l s ;
(b) a  re d  c e l l  count m a te r ia l ly  in c re a se d  above th e  average 
normal va lue  of approxim ately  5>000,000 p e r  c.mm. f o r  th e  
normal s u b je c t s ,  a s s o c ia te d ,  however, w ith  a  haemoglobin 
v a lu e  no t in c re a se d  above th e  average normal v a lu e ,  and
(c )  an in c re a se d  blood v i s c o s i ty  above normal.
2 . Improvement in  c o n d i t io n  -  as on 11 . 7*29 -  was a s s o c ia te d
w ith  s l i g h t  d ec rease  in  volume and d iam eter  of th e  e ry th ro c y te s ,
to g e th e r  w ith  d im inu tion  in  red  c e l l  count and -  to  a  l e s s  
ex ten t -  in  haemoglobin p e rce n ta g e ,  and in  th e  v i s c o s i ty  of
th e  b lood. Blood changes of a  s im i la r  c h a ra c te r  were a l s o  
e x h ib i te d  w ith  th e  c l i n i c a l  improvement on 2 . 8 . 29* On each 
of th e s e  o cc as io n s ,  a  s l i g h t  in c re a s e  in  co lou r  index 
v a lu e  was observed.
3. In  th e  s ta g e  of e x a ce rb a tio n  of th e  c i r c u l a to r y  symptoms
as on 14.7*29 and 19 .8 .2 9  -  th e  b lood, as  compared w ith  th e  
p re ce d in g  s tag e  of c l i n i c a l  improvement, e x h ib i te d
(a)  in c re a s e  in  volume index and mean d iam ete r  of th e  red  
c e l l s ;  (b) in c re a s e  in  th e  number of red  c e l l s ,  and -  to  a  
l e s s  e x te n t  -  in  haemoglobin p e rc e n ta g e ;  (c )  in c re a s e  in  
blood v i s c o s i t y ,  and (d) s l i g h t  d ec rease  in  co lo u r  index.
4 * The e f f e c t s  of oxygen a d m in is t r a t io n  on 1 9 .8 .2 9 , were
a  s l i g h t  d im inu tion  in  red  c e l l  coun t, haemoglobin percen tage ,
volume and d iam eter  of th e  red  c e l l s ,  and blood v i s c o s i ty .
5 * In th e  s ta g e  of marked improvement, p re se n t  a t  th e  d a te
of th e  l a s t  o b se rv a tio n  -  7*9*29 -  when th e re  was p r a c t i c a l l y  
no evidence of h e a r t  f a i l u r e ,  th e  p e r ip h e ra l  blood, as  com­
p a red  w ith  what was observed a t  th e  tim e of th e  p a t i e n t ' s  
adm ission to  h o s p i t a l ,  showed a d i s t i n c t  re d u c t io n  in  red  
c e l l  coun t, and -  t o  a l e s s  ex ten t  -  in  haemoglobin p e rce n tag e , 
and a  d im inu tion  in  volume and d iam eter  of th e  c e l l s  and in  
blood v i s c o s i t y .  The co lo u r  index, however, e x h ib i te d  a 
s l i g h t  in c re a s e  in v a lu e . In  t h i s  s ta g e  of improvement, th e  
e ry th ro c y te  count was a t  th e  normal s ta n d a rd ,  and th e  volume 
index, average o e l l  d iam ete r , and blood v i s c o s i ty  gave normal 
v a lu e s ,  a lthough  th e  v i s c o s i ty  was a t  th e  upper l im i t  of th e  
normal range .
The d a ta  given in  Table XXI a re  c h a r te d  in  F ig u re  3, on which 
th e  c lo se  r e l a t io n s h i p  between th e  v i s c o s i t y  of th e  blood and th e  
number and s i z e  o f th e  c o rp u sc le s  i s  w e l l  i l l u s t r a t e d .  The absence
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of a d i r e c t  r a t i o  between th e  s iz e  of th e  red  c e l l s  and t h e i r  
in d iv id u a l  haemoglobin con ten t i s  a l s o  i l l u s t r a t e d ,  a tendency 
to  an in v e rse  r a t i o  be in g  in  f a c t  p r e s e n t ,  in c re a s e  in  volume 
and d iam ete r  o f  th e  c o rp u sc le s  be ing  a s s o c ia te d  w ith  a  s l i g h t  
d e c re a se  in  c o lo u r  index and v ice  v e r s a .
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T A B L E  XXII
C A SE  E . R .  O B SE R V A T IO N S I N  A C A SE  OF MITRAL S T E N O S I S  AND AURICULAR F I B R I L L A T I O N ,
SHOWING SE V E R E  CONGESTIVE HEART F A I L U R E .
Date C ondition  and C l in i c a l  Notes
Red C e l ls  
p e r  c.mm.
Haemoglobin Haematocrit
Reading
Volume
Index
Colour
Index
Aver.
Diam.
in j u
V is c o s i ty  
(Water - 1 )
50. 9.29 Female, aged 2 8 . No h i s t o r y  of rheum atic  f e v e r ,  hut s c a r l e t  
f e v e r  a t  7 y e a r s ,  and b r o n c h i t i s  and co n g es tio n  of lu n g s  in  
1928 . H is to ry  of h e a r t  Hjumping” f o r  f iv e  y ea rs  and in c re a s ­
in g  sh o r tn e s s  of b re a th ,  s w e l l in g  of an k le s  and abdomen, 
exhaustion  and cough f o r  about th r e e  weeks befo re  adm ission. 
Admitted 29 . 9 *29 , w ith  pronounced co n g e s tiv e  h e a r t  f a i l u r e .  
High co lo u red , marked d i s t e n s io n  and p u l s a t io n  of c e r v i c a l  
v e in s ,  ex trem ely  cyanosed w ith  i c t e r o i d  t in g e  to  con junct ivae; 
o r th o p n o e ic  and extrem ely  dyspnoeic; f in e  moist r a l e s  and 
some d u ln ess  a t  bases of lu n g s ;  p e r s i s t e n t  cough. Oedema of 
f e e t  and le g s ;  l i v e r  g r e a t ly  en la rg ed  and te n d e r ,  s l i g h t  
a s c i t e s  p r e s e n t ;  h e a r t  en la rg ed , s ig n s  of m i t r a l  r e g u r g i t a ­
t i o n  and s t e n o s i s ,  and t r i c u s p i d  r e g u r g i t a t io n ;  a u r i c u l a r  
f i b r i l l a t i o n ,  v e n t r i c u l a r  r a t e  140, r a d i a l  p u ls e  100. 
Temperature 99° F. R e s p i r a t io n s  34* U rine: S.G. 1028 , 
albumin p r e s e n t  and o c c a s io n a l  h y a l in e  c a s t s ............................. 6 ,420,000 110 72 1.12 O.85 7.96 12.0
do. 5,600,000 97 61 1.0? O.87 7.76 9 .2
5. 10.29 Improvement m a in ta in ed . V e n t r ic u la r  r a t e  110 , r a d i a l  p u ls e  80 . . . 5 ,120,000 93 53 1.03 0.90 7.60 7-5
8.10.29 C ond ition  much improved. No orthopnoea , s l i g h t  dyspnoea and 
c y a n o s is ,  lu n g  b ases  p r a c t i c a l l y  c l e a r ,  cough b e t t e r ;  s l ig h t  
oedema o f  a n k le s ;  l i v e r  much d im in ished  in  s iz e ,  no t te n d e r .  
R e s p i r a t io n s  20 . V e n t r ic u la r  r a t e  8 0 , no p u lse  d e f i c i t .  
U rine : albumin, a t r a c e .................................................................................... 4 ,960,000 90 50 1.00 0.90 7.48 6 .6
12.10.29 C ond ition  s e r io u s  ag a in . More dyspnoeic and cyanosed; parked  
s ig n s  o f  pulmonary co n g e s tio n , some b r o n c h i t i s  a lso  p re se n t ;  
l i v e r  in c re a se d  in  s i z e  and te n d e r ;  oedema o f  f e e t  and le g s .  
More albumin in  u r in e .  Temperature 99*4° F. V e n t r ic u la r  
r a t e  120, r a d i a l  p u lse  90 ................................................................................ 5,280,000 92 57 1.07 0.87 7.78 8 .2
do. 4,950,000 89 51 1.0} 0.89 7.58 7-2
13. 11.29 C ondition  g r e a t l y  improved, p r a c t i c a l l y  no evidence o f  h e a r t  
f a i l u r e .  No dyspnoea, s l i g h t  cy a n o tic  appearance of l i p s  
on ly ; lu n g  bases  c l e a r ,  l i v e r  s t i l l  p a lp a b le ,  but no t te n d e r ,  
no a s c i t e s .  No oedema. No albumin in  u r in e ,  S.G. 1018 . 
R e s p i r a t io n s  1 8 . V e n t r ic u la r  r a t e  7 0 , no p u ls e  d e f i c i t ............. 4 ,824,000 88 48 0.99 0.91 7-40 5-8
 v o l u m e  index
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The f o u r th  p a t i e n t  was a  female (E.R. )  aged 28 , adm itted  
w ith  severe  co n g es tiv e  h e a r t  f a i l u r e  due to  m i t r a l  s t e n o s i s  and 
a u r i c u l a r  f i b r i l l a t i o n .  There was no h i s to r y  of rheumatism, but 
one of s c a r l e t  f e v e r  a t  th e  age of 9 y e a rs .  The r e s u l t s  in  h e r  
case a re  given in  Table XXII, and c h a r te d  in  F igu re  4 > v i s c o s i t y  
d e te rm in a t io n s  be ing  in c lu d ed . The e f f e c t s  o f  v e n e sec tio n  were 
s tu d ie d  in  t h i s  c a se ,  b e in g  performed on th e  day of th e  p a t i e n t fs 
adm ission , f o r  a  severe degree  of cy an o s is  and dyspnoea, a s s o c ia te d  
w ith  marked d i s t e n s io n  of v e in s .  The b e n e f i c i a l  e f f e c t s  o f  vene­
s e c t io n ,  which r e l ie v e d  dyspnoea and cy a n o s is ,  were added to  by 
d i g i t a l i s  m ed ica tion .
She had one ex ace rb a tio n  o f  th e  h e a r t  f a i l u r e  d u r in g  th e  tim e 
she was observed  by th e  w r i t e r ,  and was given oxygen in h a la t io n s ,  
th e  e f f e c t s  o f  which have a l s o  been reco rd ed . She was f i n a l l y  
d isc h a rg ed , much improved, e ig h t  weeks a f t e r  adm ission .
The fo l lo w in g  p o in ts  a re  i l l u s t r a t e d  in  t h i s  case 
1 * On adm ission and b e fo re  v en esec tio n  was perfo rm ed .
(a )  Polycythaem ia of p e r ip h e r a l  c a p i l l a r y  b lood , w ith  a  
haemoglobin p e rce n tag e  a ls o  in c re a se d  above norm al, but no t 
to  th e  same degree as  th e  c e l l  count.
(b) Volume index and mean d iam eter  of red  c e l l s  r a i s e d  
above t h e i r  average normal, v a lu e s .
(c )  Marked in c re a s e  in  v i s c o s i ty  o f  th e  blood.
2 . E f f e c t s  of V enesec tion  (18 o zs . of blood w ithdraw n).
(a )  D im inution in  red  c e l l  count and haemoglobin p e rce n tag e .
(b) S l ig h t  d ec re ase  in  volume and d iam eter  of red  c e l l s .
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(c) F a l l  in  blood v is c o s i ty .
3 - As improvement in  c l i n i c a l  c o n d itio n  was m ain ta ined
w ith  d i g i t a l i s  th e ra p y , th e  count and -  to  a l e s s  ex ten t -  
th e  haemoglobin p e rc e n ta g e , co n tin u ed  to  f a l l ,  lik e w ise  th e  
volume and d iam eter o f th e  c o rp u sc le s , and th e  blood 
v is c o s i ty ,  w hile  th e  haem oglobin co n ten t p e r co rp u sc le  
showed a  s l i g h t  in c re a s e .
4 * On 12 . 1 0 . 2 9 , when th e  p a t i e n t 's  c o n d itio n  was again
s e r io u s , th e re  b e in g  g ro ss  pulmonary co n g estio n  and more 
marked s ig n s  o f h e a r t  f a i l u r e ,  th e  p e r ip h e ra l  b lood , as  
compared w ith  th e  p re v io u s  s ta g e  o f improvement m entioned 
under (3 ) ,  showed a s l ig h t  in c re a s e  in  volume and d iam ete r 
of th e  red  c e l l s ,  a  s l ig h t  in c re a s e  in  re d  c e l l  coun t, and -  
to  a  le s s  degree -  in  haemoglobin p e rcen tag e  ( th e  l a t t e r  
b e in g  in c re a se d  by only  2 p e r  c e n t.)>  and an in c re a se  a ls o  
in  blood v is c o s i ty .  The e f f e c t  of oxygen a d m in is tra tio n  on 
t h i s  d a te  was to  cause a s l i g h t  d im in u tio n  in  c e l l  coun t, 
haem oglobin p e rc e n ta g e , volume and d iam ete r o f th e  o e l l s ,  
and blood v is c o s i ty .
5. A f a i r l y  w ell-m arked p a r a l le l i s m  was observed in  F ig u re
4> between th e  cu rv es  f o r  v i s c o s i ty ,  volume index , mean c e l l  
d iam e te r, e ry th ro o y te  coun t, and haem oglobin p e rc e n tag e .
The v is c o s i ty  of th e  blood was th u s  a p p a re n tly  in  c lo se  
r e la t io n s h ip  w ith  th e  number and s iz e  of th e  re d  blood 
c e l l 8, a  p o in t p re v io u s ly  observed  and i l l u s t r a t e d  a ls o  in  
F ig u re  3.
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T A B L E  X X I I I
CASE E.R. FURTHER OBSERVATIONS FOLLOWING READMISSION TO HOSPITAL S;
f
Date Condition and Clinical Notes
Red Cells 
per c.mm.
Haemoglobin Haematocrit
Reading
#•.
l-Vo3#me
Index
Colour
Index
Aver. 
Diam. 
in j jl
Viscosity 
(Hater = 1.0)
30.12.29 Readmitted to-day, with recurrence of gross congestive heart 
failure. Crthopncea, severe dyspnoea, and cyanosis; fine 
crepitations at "bases of both lungs; oedema of legs; liver 
enlarged, tender, ascites present; heart enlarged, systolic 
and diastolic murmurs at apex, tricuspid systolic murmur. 
Auricular f ib r i l la t ion ,  ventricular rate 130, radial pulse 
IOC. Temperature 98.6 • Respirations 28. Urine: S. G. 1024, 
albumin present, no casts seen................................................................... 5,500,000 92 60 1.09 0.83 7.88 9-6
4.1.30 Condition worse. Dyspnoea more severe. Heart rate 160 
Cn 5.I.3C, right-sided hydrothorax diagnosed, and 500 cc. fluid 
withdrawn. Intravenous injection of strcphanthin (gr 1 ) 
given. ~ 200
5,636,000 94 63 1.10
t *
r
f.
0.83 7.86 9-0
6.I.3O Somewhat improved. Dyspnoea less. Heart rate 100 ; radial pulse 
88; oedema less; liver diminished in size........................................... 5,192,000 90 55
i
0.86 7.67 7-6
22.1.30 Condition much improved. Slight dyspnoea and cyanosis; slight 
oedema of ankles only; ventricular rate 72, no pulse deficit.. 4,952,000 88 51
W; -
0.88 7-49 •6.2
I.2.3O Condition fairly  serious. More dyspnoea, and cyanosis; 
ventricular rate 120; liver increased in size; moderate 
oedema of feet and legs................................................................................... 5,240,000 90 56
#
1 I 7
%:
0.85 7-73 8.0
23.2.30 Considerable improvement. No orthopnoea, or dyspnoea; cyanosis 
very slight; no oedema; liver palpable, but not tender, no 
ascites; lungs clear; no albumin in urine. Ventricular rate 
68, no pulse deficit .  Respirations 1 8 .................................................. 4,880,000 87 49 
.  .
\
1 Joo
f-s.
0.89 7-45 5-9
/ • ■•••'>*
This p a t ie n t  (E .R .) was read m itted  to  h o s p i ta l  on JO. 12 . 29 , 
w ith  re c u rren ce  of severe co n g estiv e  c a rd iac  f a i l u r e .  A few days 
a f t e r  adm ission , she developed a r ig h t - s id e d  h yd ro tho rax , which 
was a s p ira te d  fo r  u rgen t dyspnoea, and a t th e  same tim e , an 
in trav e n o u s  in je c t io n  of s tro p h a n th in  g r . was g iven, as h e r
co n d itio n  was grave, and an immediate d i g i t a l i s  e f f e c t  was 
re q u ire d .
She improved a f t e r  t h i s  on th e  u su a l l i n e s ,  and was 
d isch a rg ed  improved on 1 5 .3 .3 0 .
The r e s u l t s ,  to g e th e r  w ith  n o te s  on c l i n i c a l  c o n d itio n , a re  
given in  Table XXIII. I t  was found th a t  th e  changes in  s iz e ,  
number and haemoglobin co n ten t o f th e  e ry th ro c y te s , and in  blood 
v is c o s i ty ,  o c c u rr in g  w ith  ex ace rb a tio n  and rem iss io n  o f th e  c i r ­
c u la to ry  f a i l u r e ,  were s im ila r  in  c h a ra c te r  to  th o se  p re v io u s ly  
d e sc r ib e d .
I t  w i l l  be seen th a t  th e  fou r oases of co n g estiv e  h e a r t  
f a i l u r e  s tu d ie d  w ith  more freq u en t d e te rm in a tio n s , have, on th e  
whole, given r e s u l t s  s im ila r  in  c h a ra c te r ,  as f a r  as d e p a r tu re s  
from th e  average r e s u l t s  o b ta in ed  in  normal in d iv id u a ls  a re  con­
cern ed , to  th o se  o b ta in ed  in  th e  m a jo rity  of th e  36 cases  of 
c a rd ia c  f a i l u r e  s tu d ie d  in  T ables VI and V II. In  a d d i t io n , th e  
e f f e c t s  of ex a ce rb a tio n  and rem ission  of th e  c i r c u la to r y  f a i l u r e ,  
to g e th e r  w ith  th o se  of such s p e c ia l  m easures as oxygen a d m in is tra ­
t io n  and v e n e se c tio n , have been i l l u s t r a t e d .
In  an a ttem p t to  g ive a  g raph ic  r e p re s e n ta t io n  of th e  r e l a ­
t io n  of th e  s iz e s  of red  b lood c e l l s  in  th e  ca ses  o f c a rd ia c
‘ y  2 0 NI  3 w o i o A
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f a i l u r e  s tu d ie d  in  t h i s  work, to  th o se  in  th e  norm al s u b je c ts  
and th e  compensated c a rd ia c  c a se s , th e  r e s u l t s  o b ta in ed  in  th e  
36 cases  com prising  T ab les VI and VII and p re v io u s ly  ana ly sed , 
a re  expressed  in  F ig u re  5 > on which a re  shown th e  curves of th e  
volume in d ic e s  and mean red  c e l l  d ia m e te rs , a rranged  in  o rd e r  o f 
magnitude^ a p p e r ta in in g  to  th e  normal in d iv id u a ls ,  th e  compensated 
c a rd ia c  ca se s  and th e  c a se s  e x h ib i t in g  c a rd ia c  f a i l u r e .  Regarding 
th e  h e a r t f a i l u r e  c a se s , where more th an  one rea d in g  f o r  volume 
and d iam ete r was o b ta in ed  in  a s in g le  case in  th e  s tag e  of f a i l u r e ,  
an average of th e se  read in g s  was taken  fo r  F ig u re  but in  one of 
th e  p a t ie n t s  (Case 39 ) was read m itted  to  th e  H o sp ita l, th e  
re ad in g s  tak en  on readm ission  have a lso  been p lo t t e d  on th e  graph.
GENERAL D ISC U SSIO N
T his i s  d iv id e d  in to  th e  fo llo w in g  se c tio n s  
I .  Volume and Diam eter o f  Red C e l ls *
I I .  Number o f  Red C e lls .  Haemoglobin P ercen tag e , and Haemoglobin 
C ontent o f  Red C e l l s .
I I I .  V isc o a lty  o f th e  B lood.
In  a d d i t io n , a b r i e f  d isc u ss io n  o f th e  r e s u l t s  o b ta in ed  in  
th e  e x e rc ise  experim ents has been added, in  so f a r  as th ey  apply  
to  t h i s  work.
I .  Volume and D iam eter o f  Red C e l ls .
In  a d is c u s s io n  o f th e  r e s u l t s  o b ta in ed  in  co n g estiv e  h e a r t
f a i l u r e ,  where th e  e ry th ro c y te s  o f th e  p e r ip h e ra l  c a p i l la ry  b lood
have in  many cases  shown a  tendency to  be in c re a se d  in  volume and
d iam eter above th e  average v a lu e s  in  normal in d iv id u a ls ,  and in
p a t ie n t s  w ith  f u l l y  com pensated h e a r t  cases  (where th e  eq u ilib r iu m
m a in ta in e d ) ,
o f th e  c i r c u la t io n  is  s t i l l /  i t  i s  co n s id e red  th a t  a t te n t io n  
shou ld  be d i r e c te d  tow ards d is tu rb a n c e s  in  p h y s io lo g ic a l  fu n c tio n  
o ccu rrin g  w ith  f a i l u r e  o f  th e  c i r c u la t io n  as a  r e s u l t  o f th e  f a i l u r e  
on th e  p a r t  o f  th e  h e a r t .
In  t h i s  connection  d is tu rb a n c e  o f th e  c i r c u la t io n  r a t e  w ith  
i t s  e f f e c t  on t i s s u e  r e s p i r a t io n ,  would appear to  be o f  im portance 
and m e r its  comment*
A c h a r a c t e r i s t i c a l l y  low c i r c u la t io n  r a t e  was found to  be 
p re se n t in  c a rd ia c  f a i l u r e  w ith  venous co n g estio n  by Meafcins and
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Davies (9 4 ) and Kininmonth ( 75 ) who co n s id e r  t h i s  to  he due to  
in a b i l i t y  o f  th e  myocardium to  m a in ta in  a  s u f f i c ie n t  c a rd ia c  o u t­
pu t p e r  b e a t .  Such a  subnormal c i r c u la t io n  r a t e  was ap p a re n tly  
c h a r a c te r i s t i c  o f c a rd iac  f a i l u r e  i r r e s p e c t iv e  o f th e  u n d e rly in g  
le s io n ,  an i t  was found in  p a t i e n t s  w ith  m i t r a l  v a lv u la r  d is e a s e , 
a o r t i c  v a lv u la r  d is e a s e , d is tu rb a n c e s  o f c a rd ia c  rhythm, and w ith  
m yocardial a f fe c t io n s  where d is tu rb a n c e s  of rhythm or re co g n isa b le  
en d o card ia l le s io n s  were no t p re s e n t .  Meakins and Davies (9 4 ) 
c le a r ly  dem onstrated  th a t  in  p a t i e n t s  who were f r e e  o f c i r c u la to r y  
symptoms, th e  c i r c u la t io n  r a t e  and s y s to l io  o u tp u t were w ith in  
normal l i m i t s ,  but th a t  w ith  th e  development of th e  s ig n s  of 
c a rd ia c  f a i l u r e  th e  c i r c u la t io n  r a t e  o r m inute blood flow , and 
th e  s y s to l ic  o u tp u t, r a p id ly  d ec rease d .
D im inished v e lo c i ty  o f blood flow  was a lso  found by Blumgart 
and Weiss (13) to  be p re s e n t in  c a rd ia c  decom pensation.
Slowing o f th e  c i r c u la t io n  th rough  th e  t i s s u e s  w i l l  produoe 
a g re a te r  lo w erin g  of oxygen s a tu r a t io n  in  th e  c a p i l l a r y  and 
venous b lood , to g e th e r  w ith  an in c re a se  in  carbon d io x id e  (95) •
In o th e r  w ords, a  c o n d itio n  of oxygen want and carbon d io x id e  
" a c id o s is ” o ccu rs in  th e  t i s s u e s  -  to g e th e r  w ith  a  tendency 
th e re in  to  in c re a se d  hydrogen ion c o n c e n tra tio n  -  which w il l  
probably  no t be equal in  a l l  c a se s , th o se  w ith  th e  s e v e re s t 
degree of c a rd ia c  f a i l u r e  and p ro p o r t io n a te  slow ing  of th e  c i r ­
c u la tio n  showing th e  p e r ip h e ra l  s ig n s  most com plete ly  (97)*
I t  i s  su g g ested  th a t  th e  s l ig h t  in c re a se  above norm al in  
th e  s iz e  o f red  c o rp u sc le s  observed  in  th e  c a p i l l a r y  blood of
many cases of co n g es tiv e  h e a r t  f a i l u r e  in  t h i s  work, i s  p ro b ab ly  
r e la te d  to  th e  in c re a se d  COg and th e  tendency to  a c id  r e a c t io n  
o c c u rr in g  th e r e in ,  and th a t  t h i s  enlargem ent r e s u l t s  from p h y sico ­
chem ical changes, analogous to  th o se  o c c u rr in g  in  v i t r o ,  in  th e  
p resen ce  of in c reased  te n s io n  of COg.
Before ap p ly in g  t h i s  h y p o th e s is  more f u l l y  to  th e  r e s u l t s  
in  co n g e s tiv e  h e a r t f a i l u r e ,  i t  m ight be h e lp fu l  to  d is c u s s  
b r ie f ly  th e  experim en ta l and o th e r evidence o f v a rio u s  o b se rv e rs , 
on which th e  c l i n i c a l  ev idence r e l a t i n g  to  co n g e s tiv e  h e a r t 
f a i l u r e ,  a s  b rought fo rw ard  by t h i s  in v e s t ig a t io n ,  i s  co n s id e red  
to  be based , and a lso  to  g ive  a  sh o rt d e s c r ip t io n  o f th e  above- 
m entioned p h y sico -ch em ica l changes, and th e  mechanisms involved 
th e re in .
In c re a s e  in  volume and d iam eter o f red  b lood c e l l s  i s  
ex p e rim en ta lly  known to  occur w ith  in c re ase d  te n s io n  of COg in  
th e  b lood , o r  g en e ra lly  w ith  in c re a se d  hydrogen ion  c o n c e n tra t io n . 
This phenomenon occurs p a r a l l e l  w ith  th a t  o f th e  m ig ra tio n  of 
c h lo r in e  ions from plasm a to  co rp u sc les  (owing to  th e  d is p la c e ­
ment o f th e  Cl from d is s o c ia te d  N&01 ions in  th e  plasm a) which 
r e s u l t s  in  in c re a s e  in  c o rp u sc u la r  c h lo r id e  and in  p lasm a 
b ic a rb o n a te , more base b e in g  l e f t  in  th e  plasm a to  combine 
w ith  COg.
Hamburger ( 60) and von Limbeck (126 ) were among th e  e a rly  
observers to  re c o g n ise  in c re a s e  in  s iz e  of th e  e ry th ro c y te s  
w ith  in c re a se d  COg, and th e  form er a ls o  showed th a t  th e  re v e rs e  
a c tio n  took p la c e  when CO2 was removed from blood .
P ric e -Jo n e s  (113) deduced th a t  v a r ia t io n s  in  s iz e  of th e  
co rp u sc les  were due to  a l t e r a t i o n s  in  blood r e a c t io n ,  as add ing  
COg and l a c t i c  ac id  to  b lood , in c re a se d  th e  volume and d iam eter 
o f  th e  c e l l s ,  w h ile  add ing  sodium ca rb o n a te  d ec reased  them. He 
f u r th e r  showed th a t  red  c e l l  d iam eters  became d im in ished  on 
fo rc e d  b re a th in g , w ith  d ec re ase  o f  th e  C02 in  th e  b lood , and is  
even of th e  o p in io n  th a t  C02 may p o ss ib ly  have a  s p e c ia l  
sw e llin g  a c t io n  on red  c e l l s  out o f p ro p o rtio n  to  i t s  a o id i ty  (114)-
P e te r s ,  B ulger and Eisenman (105) o b ta in ed  an in c re a se  in  
c e l l  volume w ith  in c re a se  in  002 te n s io n  o r hydrogen ion concen­
t r a t i o n ,  and in  some experim ents a ls o ,  on add ing  l a c t i o  a c id  to  
b lood.
Burger (1 7 ) s t a te s  th a t  red  b lood c e l l s  in c re a s e  in  an a c id  
m ix tu re , and d ec re ase  in  an a lk a l in e  m ix tu re , th a t  t h i s  change 
in  volume i s  a  r e v e r s ib le  one, and th a t  under th e s e  c o n d itio n s , 
th e  c e l l s  a re  no t d is tu rb e d  in  t h e i r  osm otic p r o p e r t ie s ,  behaving 
l i k e  u n tre a te d  c o rp u sc le s  when brought in to  h y p e rto n ic  o r  
hypo ton ic  s o lu t io n s .
Smirk (122 ) showed th a t  C02 does no t a p p re c ia b ly  damage th e  
c e l l  membrane, as red  c e l l  volume was r e s to r e d  to  normal on 
removing C02 from b lood . He a lso  found th a t  oxygenation  of 
venous blood caused  a  s l i g h t  d im in u tio n  in  c o rp u sc u la r  volume, 
and in  t h i s  co n n ec tio n , Wiechmann and Schurmeyer (129 ) have 
found re d  c e l l  d iam ete rs  to  be s l i g h t l y  sm a lle r  in  a r t e r i a l  
than  in  venous b lood .
The mechanism o f th e  io n ic  in te rc h an g e  between c o rp u sc le s
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and plasm a in  th e  p resen ce  o f in c re a se d  CO2, w ith  which in c re a se  
in  volume of th e  co rp u sc le s  i s  a s s o c ia te d , i s  based on p h y sico ­
chem ical law s, which, a s  d esc rib ed  by L ovatt Evans (42 ) , depend 
on th e  p resen ce  in  th e  c o rp u sc le s  of weak a c id s  -  haemoglobin 
and phosphates -  and on th e  p e rm e a b ili ty  o f th e  membrane to  
HgCO  ^ and to  an ions such as C l.
B r ie f ly  d e s c r ib e d , when th e  te n s io n  of COg r i s e s  in  th e  
p lasm a, bo th  HgCO  ^ and Cl p a ss  in to  th e  co rp u sc le s  th rough  th e  
membrane, and combine w ith  a v a i la b le  base m ainly from haemoglobin, 
but to  some e x te n t a lso  from p h o sp h a te , to  form KHCOj and KC1, 
r e s p e c t iv e ly ,  and th e  co rp u sc le s  become in c re a se d  in  s iz e  from 
th e  p assage  of w ate r in to  them from th e  p lasm a, owing to  th e  
osm otic p re s s u re  of th e  co rp u sc u la r  co n te n ts  r i s i n g  more ra p id ly  
th an  th a t  o f th e  plasm a. B esides th e  passage  o f th e  anion Cl 
in to  th e  c o rp u sc le , L ovatt Evans a ls o  s t a t e s  th a t  th e  anion 
HCOj le a v es  th e  co rp u sc le  in  an a ttem pt to  e s ta b l i s h  eq u ilib r iu m  
between th e  l a t t e r  and th e  plasm a.
As a  r e s u l t  of t h i s  io n ic  in te rc h an g e  between co rp u so les  
and p lasm a, th e  c h lo r id e  and w ate r co n te n ts  o f  th e  co rp u sc le s  
become in c re a se d , w h ile  th e  b ic a rb o n a te  co n ten t of bo th  th e  
co rp u sc le s  and th e  plasm a i s  a lso  in c re a se d . B u ffer su b stan ces 
p re se n t in  th e  c o rp u sc le s  a re  th u s  ren d e red  a v a i la b le  when th e  
c o n c e n tra tio n  o f H2CO3 r i s e s  in  th e  plasm a, so th a t  a t  h ig ie r  
CO2 p re s s u re s ,  more COg can be c a r r ie d  in  th e  blood bo th  by th e  
red  c e l l s  and th e  plasm a (5 2 ).
When d u r in g  a  p ro ce ss  o f  oxygenation  of th e  b lood , th e
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carbon d io x id e  i s  d riv en  o u t, a  passage  of 01 ions and w ate r 
ta k e s  p la c e  from th e  re d  c e l l s  in to  th e  plasm a, and th e  form er 
become d im in ished  in  volume. T h is has been shown ex p e rim en ta lly  
by Henderson (6 7 ), and J o f f e  and P o u lto n  (74 )> and p robab ly  
ex p la in s  th e  d im in u tio n  in  c o rp u sc u la r  volume o cc u rr in g  w ith  
oxygenation  o f venous blood (122), and th e  f a c t  th a t  acco rd in g  
to  Wiechmann and Sch&rmeyer (129) ,  red  c e l l s  o f a r t e r i a l  blood 
a re  s l i g h t ly  sm a lle r  th an  th o se  of venous b lood.
The s o - c a l le d  " c h lo r id e  s h i f t"  i s  very  sm all when changes 
in  COg te n s io n  a re  w ith in  p h y s io lo g ic a l  l im i t s  ( th e  oxyhaemo- 
g lob in  -  haem oglobin change b e in g  th e  more im portan t mechanism 
in  keep in g  b lood r e a c t io n  w ith in  norm al l i m i t s ) ,  bu t i t  w i l l  
assume g r e a te r  p ro p o rtio n s  -  from plasm a to  o o rp u sc le s  -  when 
th e  te n s io n  of COg in  th e  blood i s  r a is e d  above th e  normal 
l im i t .  I t  a ls o  o ccu rs to  a  g re a te r  o r  l e s s  e x te n t ,  as  s ta te d  
by H arriso n  ( 62 ) in  any a c id o s is  o r  a lk a lo s i s ,  b e in g  most marked 
in  acidaem ia and a lk a la e m ia , under w hich c o n d itio n s , th e re fo r e ,  
one might expect th e  red  c e l l s  to  be l a r g e r  and sm a lle r  th an  
normal r e s p e c t iv e ly ,  in  accordance w ith  th e  f a c t  th a t  such 
changes in  In d iv id u a l c o rp u sc u la r  volume a re  known to  c o n s t i tu te  
a p a r a l l e l  phenomenon to  th e  c h lo r id e  s h i f t .
R e t u r n i n g  t o  t h e  c o n d i t i o n s  p r e s e n t  i n  c o n g e s t i v e  h e a r t  
f a i l u r e ,  t h e  a c c u m u l a t i o n  o f  c a r b o n  d i o x i d e  i n  t h e  t i s s u e s  f r o m  
• l o w i n g  a n d  d i m i n u t i o n  o f  t h e  b l o o d  f l o w ,  w i l l  f r o m  t h e  f o r e g o i n g  
e x p e r i m e n t a l  e v i d e n c e ,  t e n d  t o  c a u s e  a  p a s s a g e  o f  C l  i o n s  a n d  
w a t e r  i n t o  t h e  c o r p u s c l e s  o f  t h e  p e r i p h e r a l  c a p i l l a r y  b l o o d ,  a n d
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a n  i n c r e a s e  i n  t h e i r  v o l u m e  a n d  d i a m e t e r .  T h i s  w i l l  b e  i n t e n s i f i e d  
b y  t h e  f a c t o r  o f  o x y g e n  w a n t ,  f o r  a s  L o v a t t  E v a n s  (43) h a s  
e x p l a i n e d ,  a  g r e a t e r  r e d u c t i o n  o f  h a e m o g l o b i n ,  w i t h  c o n s e q u e n t  
l i b e r a t i o n  o f  m o r e  b a s e ,  w i l l  t e n d  t o  m a k e  t h e  i o n i c  i n t e r c h a n g e  
b e t w e e n  c o r p u s c l e s  a n d  p l a s m a  m o r e  e x t e n s i v e .
One may be p e rm itte d  to  reproduoe h ere  ( t r a n s la te d  from th e  
German) V olhard*s s ta tem en t (quoted by K le in  (7 6 )) , d e s c r ib in g  
th e  exchange between th e  b lood and th e  t i s s u e s  under c o n d itio n s  
of in c reased  COg* He w r i te s :  "Under th e  in f lu e n c e  of h igh  COg
te n s io n , th e re  r e s u l t s  an abnormal exchange between th e  t i s s u e  
c e l l s  and th e  b lood; th e  Cl ion and H2O a re  tak en  from th e  blood 
to  th e  t i s s u e s ,  and th e  c e l l s  of th e  l a t t e r  become en la rg ed .
This d is tu rb a n c e  o f th e  sw ollen  c e l l s  ta k e s  p la c e  in  th o se  
t i s s u e s  where th e re  i s  an exchange o f m o lecu les, and i s  a  most 
im portant f a c to r  in  th e  fo rm atio n  of oedema in  h e a r t  c a se s ."
I t  i s  no t im probable, th e r e fo r e ,  th a t  a  s im i la r  passage  of 
01 ions and w a te r w i l l  te n d  to  occur under th o se  c o n d itio n s  from 
plasma to  c o rp u sc le s  in  th e  p e r ip h e ra l  blood in  co n g e s tiv e  h e a r t 
f a i lu r e ,  and le a d  to  sw e llin g  o f th e  c o rp u sc le s , e s p e c ia l ly  as 
t h i s  i s  known to  occur ex p e rim en ta lly  w ith  in c re a se d  CO2 te n s io n .
The in c re a se  in  CO2 te n s io n  of th e  p e r ip h e ra l  b lood , w ith  
the  consequent tendency  to  in c re a se d  a c id i ty ,  upon which e n la rg e ­
ment of th e  o o rp u sc le s  in  th e  manner d e sc r ib e d  above, depends, 
w ill  be governed by th e  e x te n t to  which re d u c tio n  in  c i r c u la t io n  
ra te  o ccu rs , and th e  consequent ex ten t to  which t i s s u e  r e s p i r a t io n  
i s  d is tu rb e d . In  c a se s , f o r  example, where th e re  i s  l e s s  slow ing
of th e  c i r c u la t i o n ,  th e  accum ulation  of C02 in  th e  t i s s u e s  and 
p e r ip h e ra l  blood w i l l  no doubt be p ro p o r t io n a te ly  l e s s .  Such 
cases  would p ro b ab ly  be th o se  w ith  only  m ild  c i r c u la to r y  
symptoms.
Another im portan t f a c t o r  m ust, however, be s tu d ie d  in  th e  
l i v i n g  body -  nam ely, th e  a b i l i t y  o f th e  lu n g s to  e lim in a te  
C02 and a d ju s t  th e  blood r e a c t io n .
In c reased  pulmonary v e n t i l a t io n  -  due m ainly  to  s t im u la tio n  
of th e  r e s p i r a to r y  c e n tre  by oxygen la c k  -  w i l l  wash out COg 
from th e  b lood , and h e lp  to  a d ju s t  th e  blood r e a c t io n  to  a  
normal l e v e l .  In  t h i s  way, th e  r i s e  in  COg p re s s u re  in  th e  
t i s s u e s  may to  some e x te n t be p rev e n ted , a lth o u g h  i t  should be 
m entioned th a t  th e  sim u ltaneous f a l l  in  oxygen p re s s u re  in  th e  
t i s s u e s  w ith  c i r c u la to r y  impairment may not be s im ila r ly  p re v en ted , 
as in c re a se d  r e s p i r a t io n s  do n o t m a te r ia l ly  In c re a se  oxygen s a tu r a ­
t io n  o f a r t e r i a l  blood (39 )- Oxygen want in  th e  t i s s u e s  may th u s  
be com pensated f o r  to  a  l e s s  e x te n t th an  in c re a s e  in  COg. The 
l a t t e r  may, in  f a c t ,  be washed ou t to  such an e x te n t t h a t ,  acco rd ­
ing  to  F ra s e r ,  Ross and D reyer (4 9 ), a c tu a l  a lk a la em ia  sometimes 
ooours in  a s s o c ia t io n  w ith  th e  dyspnoea o f c a rd ia c  f a i l u r e ,  
although H a rr iso n  (63) has p o in te d  out th a t  such an a lk a laem ia  can 
only occur so lo n g  as no g ro ss  pulmonary le s io n  i s  p re s e n t .
I t  i s  more l i k e l y ,  on th e  o th e r  hand, th a t  in  se v e re  conges­
t iv e  h e a r t  f a i l u r e ,  as  th e  experim ents o f P e te r s  and B arr (104) 
have shown, th e  g re a t in c re a s e  o f COg in  th e  c a p i l l a r y  and venous 
blood from th e  e f f e c t  of th e  subnorm al c i r c u la t io n  r a te  on
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c e l l u l a r  r e s p i r a to r y  fu n c tio n , to g e th e r  w ith  th e  c o in c id e n t 
impairment of pulmonary r e s p i r a to r y  fu n c tio n , from co n g estio n  
and oedema of th e  a lv e o l i ,  u s u a lly  p re s e n t in  such c a se s , may 
s e r io u s ly  in t e r f e r e  w ith  a  s u f f i c ie n t  e l im in a tio n  of CO2 from 
th e  lu n g s . The C02 te n s io n  in  th e  a lv e o la r  a i r  would th e re fo re  
ten d  to  be low in  p ro p o rtio n  to  th a t  in  th e  a r t e r i a l  and venous 
b lood .
C ongestive h e a r t  f a i l u r e  may, under such c o n d itio n s , th e r e ­
fo re ,  be a s s o c ia te d , as  W right (131) d e s c r ib e s  i t ,  “w ith  CO2 accu­
m ula tion  and ac idaem ia” .
Many o b se rv e rs  have ap p a re n tly  r e l a t e d  t h i s  f a c t  to  th e  
dyspnoea of c a rd ia c  f a i l u r e .  P e te rs  (103) concluded th a t  th e  
dyspnoea o f c a rd ia c  decom pensation was due to  an a b s o lu te , o r 
r e l a t i v e ,  C02 a c id o s is ,  r e s u l t in g  p robab ly  from impairment of 
th e  r e s p i r a to ry  mechanism to  d isc h a rg e  C02 . A s im i la r  a c id o s is  -  
sometimes uncom pensated -  from a  r e l a t i v e  su rp lu s  of CO2 in  th e  
b lood, is  s t a te d  to  occur by Loeb (79) 1x1 some c a se s  of c a rd ia c  
deoompensat io n .
P earce  (102 ) in  a  ca se  of c a rd ia c  f a i l u r e ,  found evidence 
of a  marked in c re a s e  in  CO2 te n s io n  in  th e  a f f lu e n t  blood of 
th e  lu n g s , and in  th e  t i s s u e s ,  and s t a t e s  th a t  th e  dyspnoea 
was due to  a  002 s to ra g e , o r a c id o s is ,  in  th e  t i s s u e s .
De Wesselow (31) s t a t e s  th a t  an a c id o s is  may occur in  decom­
p en sa ted  h e a r t  d is e a s e  from f a i l u r e  to  e x c re te  ca rb o n ic  a c id  due 
to  p a th o lo g ic a l  changes in  th e  w a lls  o f th e  a lv e o l i ,  and such an 
a c id o s is  i s  a ls o  s ta te d  to  occur in  th e  p resen ce  o f pulmonary
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l e s io n s ,  by F ra s e r  (48 ). The l a t t e r  and h is  co-w orkers (50) have 
in  f a c t  r e c e n t ly  shown th a t  th e  carbon d io x id e  p re s s u re  may be 
r a is e d  in  th e  a r t e r i a l  b lood  in  th e  p resen ce  of th e  pulmonary 
le s io n s  seen in  sev ere  co n g e s tiv e  h e a r t  f a i l u r e .  Such a  r i s e  in  
a r t e r i a l  CO2 p re s s u re  r e s u l t s  from in e f f i c i e n t  pulmonary v e n t i l a ­
t io n ,  o r  i n e f f i c i e n t  gaseous exchange, and a c ts  as an im portan t 
a d d i t io n a l  s tim u lu s  to  th e  r e s p i r a to ry  c e n tre .
In  se v e re  co n g e s tiv e  h e a r t  f a i l u r e ,  th e r e fo r e ,  where an 
accum ulation of COg occurs in  th e  t i s s u e s  and in  th e  c a p i l l a r y  
and venous b lood from lo w erin g  of c i r c u la t io n  r a t e ,  i t  i s  very  
p ro b ab le , as many o b se rv e rs  have s ta te d ,  t h a t ,  when a  s u f f i c ie n t  
e lim in a tio n  o f CO2 i s  in te r f e r e d  w ith  through im pairm ent of th e  
r e s p ir a to ry  mechanism, th e r e  w i l l  be a tendency  f o r  acidaem ia to  
develop from in c re a se d  c o n c e n tra tio n  of H200j .
Under such c o n d it io n s , in c re a se  above norm al in  th e  s iz e  of 
red  c e l l s  o f  th e  c a p i l l a r y  blood in  c a se s  o f  c o n g es tiv e  h e a r t  
f a i l u r e ,  where dyspnoea i s  u s u a lly  a  conspicuous f e a tu re  o f th e  
c l i n i c a l  p i c tu r e ,  may, in  th e  l i g h t  of known p h y sico -ch em ica l 
law s, re p re s e n t evidence of th e  t r a n s p o r t ,  by th e  c e l l s ,  o f more 
OO2, and p o s s ib ly  of an a ttem p t to  in c re a se  th e  b u f fe r in g  
cap ac ity  o f th e  b lood , th ro u g h  th e  mechanism of th e  c h lo r id e  
s h i f t ,  to  which enlargem ent o f e ry th ro c y te s  i s ,  in  th e  p resen ce  
of in c re a se d  GO2, ex p e rim en ta lly  known to  be a  p a r a l l e l  phenomenon.
B esides, however, th e  tendency to  d is tu rb a n c e  o f th e  a c id -  
base b a lan ce  o f  th e  blood in  co n g es tiv e  h e a r t  f a i l u r e ,  from an 
a c tu a l in c re a se d  c o n c e n tra tio n  o f ca rb o n ic  a c id , re fe re n c e  must
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b e  m a d e  t o  t h e  p o s s i b i l i t y  o f  a  l a c t i c  a c i d  a c i d o s i s ,  f r o m  t h e  
o x y g e n  w a n t  i n  t h e  t i s s u e s ,  a n d  t o  t h a t  o f  a n  a c i d o s i s  f r o m  
s e c o n d a r y  r e n a l  f a i l u r e .
M e a k i n s  a n d  L o n g  (98) f o u n d  a n  a c c u m u l a t i o n  o f  l a c t i c  a c i d  
i n  t h e  b l o o d  i n  s e v e r e  c i r c u l a t o r y  f a i l u r e  w i t h  v e n o u s  c o n g e s t i o n ,  
b u t  s t a t e  t h a t  t h i s  w o u l d  n o t  b e  s u f f i c i e n t ,  e x c e p t  i n  t h e  m o s t  
s e v e r e  i n s t a n c e s ,  t o  c a u s e  a  c o n s p i c u o u s  s h i f t  i n  e i t h e r  t h e  
c a r b o n  d i o x i d e  o r  o x y h a e m o g l o b i n  d i s s o c i a t i o n  c u r v e s .  F u r t h e r ,  
i n  e x p e r i m e n t a l  c i r c u l a t o r y  s t a s i s ,  D a u t r e b a n d e ,  D a v i e s  a n d  
M e a k i n s  ( 30) ,  a n d  P e t e r s ,  B u l g e r ,  E i s e n m a n  a n d  L e e  ( 107) ,  f o u n d  
n o  e v i d e n c e  o f  t h e  o c c u r r e n c e  o f  a  l a c t i c  a c i d  a c i d o s i s .  H o w e v e r ,  
C l a u s e n  (23) d i d  f i n d  a n  a c i d o s i s  t o  o c c u r  i n  c i r c u l a t o r y  f a i l u r e  
i n  c h i l d r e n ,  e s p e c i a l l y  i n  c a r d i a c  d e c o m p e n s a t i o n  a n d  a n h y d r a e m i a .
H aldane (q u o ted b y  Mackenzie (91 )) i s  in c l in e d  to  r e l a t e  th e  
dyspnoea o f c a rd ia c  f a i l u r e  to  l a c t i c  a c id . "The r e s p i r a to r y  
tro u b le  i n  h e a r t  f a i l u r e , "  he  w r i te s ,  " i s  due ( a t  l e a s t  m a in ly ), 
to  th e  slowed c i r c u la t io n ,  and consequent im p e rfec t a e ra t io n  o f 
the t i s s u e s .  The d e f ic ie n c y  of Og in  th e  t i s s u e s  w i l l  cause 
in c re a se d  fo rm ation  o f l a c t i c  a c id , and consequent d im in ished  
a l k a l i n i ty  o f th e  b lo o d , and consequent n e c e s s i ty  f o r  an 
abnorm ally g re a t  rem oval of COg from th e  b lo o d ."
Regarding a c id o s is  from secondary r e n a l  f a i l u r e ,  W right (131) 
s ta te s  th a t  t h i s  may occur sometimes in  th e  " o a rd io - re n a l"  cases  
common in  e ld e r ly  s u b je c ts ,  and Meakins and D avies (96) found a  
moderate degree o f such an a c id o s is  to  occur in  a  few c a se s , in  
the te rm in a l s ta g e s  o f c a rd ia c  f a i l u r e .
From th e  experim en ta l evidence o f in c re a se  in  volume and 
d iam ete r of e ry th ro c y te s  o c c u rr in g  w ith  a d d it io n  of l a c t i c  a c id  
to  b lood , o r g e n e ra lly  w ith  a r i s e  in  i t s  H ion  c o n c e n tra tio n , 
i t  i s  p ro b ab le  th a t  i f  accum ulation  of l a c t i c  a c id  occu rs in  
co n g estiv e  c i r c u la to r y  f a i l u r e  from g ro ss  oxygen w ant, o r  a  
r e te n t io n  o f a c id s  o ccu rs  from secondary re n a l  f a i l u r e ,  th e re  
w i l l  a lso  be, w ith  th e  tendency to  d im in ished  a l k a l i n i t y  o f th e  
b lood , a  s im ila r  in c re a se  in  s iz e  of th e  red  c e l l s ,  i f  f r e e  
e lim in a tio n  o f CO2 i s  p rev en ted  from th e  lu n g s , and th e  body i s  
unable to  u t i l i z e  COg e x c re tio n  as a  means of rem oving a c id .
I f  th e re  is  any j u s t i f i c a t i o n  f o r  th e  th eo ry  th a t  has 
been advanced th a t  in c re a se  in  s iz e  of re d  blood co rp u sc le s  in  
co n g estiv e  h e a r t  f a i l u r e ,  r e p re s e n ts  evidence of an a ttem p t, 
th rough  th e  mechanism of th e  c h lo r id e  s h i f t ,  to  in c re a s e  th e  
b u f fe r in g  c a p a c ity  of th e  b lood , under c o n d itio n s  where th e re  
i s  a  tendency to  a  r a i s e d  H ion c o n c e n tra tio n  of th e  blood and 
t i s s u e s ,  one m ight expect evidence o f some in c re a s e  in  th e  COg 
com bining power o f th e  p lasm a.
That t h i s ,  in  f a c t ,  does occur, i s  shown by P e te r s ,  B ulger 
and Eisenman (106) who found a  h ig h  plasm a b ic a rb o n a te  to  be 
p re sen t in  h e a r t  f a i l u r e ,  in  p a t i e n t s  who r e g u la r ly  gave evidence 
of th e  p re sen ce  o f p a th o lo g ic a l  changes in  th e  lu n g s , which p ro ­
duced anoxic or ® a sp h y c tic "  anoxaemia, and a t th e  same tim e, 
in te r f e r e d  w ith  th e  d isc h a rg e  of COg.
On th e  ex p erim en ta l s id e  i t  may be m entioned th a t  in  
experim ental c i r c u la to r y  s t a s i s ,  D autrebande, Davies and
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Meakins (30) found a  c h lo r id e  s h i f t  to  occur in to  th e  red  c e l l s  
o f  venous b lood , and an In c re a se  in th e  p e rce n tag e  of c e l l s  by 
th e  h aem ato crit method. S im ila r ly , in  experim en ta l asphyx ia , 
Kubo and M itsu i (77) found a  c h lo r id e  tr a n s fe re n c e  to  occur from 
plasm a to  c o rp u sc le s . The volume of th e  l a t t e r  was, however, no t 
es tim a ted .
Comment should now be made on th e  f a c t  th a t  a lth o u g h  cases  
of m ild  h e a r t  f a i l u r e  were found to  be a s s o c ia te d  w ith  normal 
v a lu es  f o r  volume and d iam ete r o f th e  red  blood c o rp u sc le s , a  
co n s tan t r a t i o  between th e  s e v e r i ty  o f th e  c a rd ia c  f a i l u r e  and 
th e  deg ree  of c o rp u sc u la r  enlargem ent was a p p a re n tly  not p re se n t 
in  t h i s  in v e s t ig a t io n .  Some ca ses  had, in  f a c t ,  normal v a lu es  
f o r  th e  s iz e  o f th e  red  co rp u sc les  in  th e  p e r ip h e ra l  b lood, 
a lthough a cco rd in g  to  t h e i r  c l i n i c a l  s t a t e s ,  th ey  s u f fe re d  from 
sev e re  o r  f a i r l y  severe  d eg rees o f co n g es tiv e  h e a r t  f a i l u r e .
I t  has been su g g ested  th a t  changes in  th e  s iz e  o f e ry th ro ­
cy tes  in  c a rd ia c  f a i l u r e  a re  p robab ly  governed by th e  tendency 
to  changes in  blood r e a c t io n ,  and th a t  in  t h i s  r e s p e c t ,  much 
depends on th e  a b i l i t y  o f th e  lungs to  e x c re te  CO2. A p o s s ib le  
f a c to r  invo lved  in  e x p la in in g  th e  la c k  o f u n ifo rm ity  of th e  
r e s u l t s  in  ca ses  of sev e re  h e a r t  f a i l u r e  may th e re fo r e  be con­
s t i t u t e d  by in d iv id u a l d i f f e re n c e s  in  th e  degree of inpairm ent 
of pulm onary fu n c tio n  f o r  th e  d isc h a rg e  of COg.
The norm al v a lu es  f o r  volume and d iam ete r o f re d  b lood c e l l s  
in c a ses  o f severe o a rd ia c  f a i l u r e ,  where th e re  i s  s t i l l  th e  
tendency to  accum ulation  o f COg in  th e  t i s s u e s  and p e r ip h e ra l
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b l o o d  f r o m  s l o w i n g  o f  t h e  c i r c u l a t i o n ,  m a y , p o s s i b l y ,  b e  r e l a t e d  
t o  m i l d e r  d e g r e e s  o f  i n e f f i c i e n c y  o f  p u l m o n a r y  v e n t i l a t i o n ,  
a l l o w i n g  a  s u f f i c i e n t  e l i m i n a t i o n  o f  CO g t o  b r i n g  t h e  p H  o f  t h e  
b l o o d  t o  v a l u e s  w i t h i n  n o r m a l  l i m i t s ,  u n d e r  w h i c h  c o n d i t i o n s  
t h e  c h l o r i d e  s h i f t  w i l l  p r o b a b l y  b e  m i n i m a l ,  a n d  t h e r e f o r e  
u n a c c o m p a n i e d  b y  r e c o g n i s a b l e  e n l a r g e m e n t  o f  t h e  c o r p u s c l e s  
a b o v e  t h e i r  a v e r a g e  n o r m a l  s i z e .
W h i l e  a t  f i r s t  s i g h t ,  t h i s  s u g g e s t e d  e x p l a n a t i o n  m a y  a p p e a r  
s o m e w h a t  d o u b t f u l ,  i n  v i e w  o f  t h e  f a c t  t h a t  t h e s e  c a s e s  i n  q u e s ­
t i o n  a p p a r e n t l y  s h o w e d  a n  a p p r o x i m a t e l y  s i m i l a r  d e g r e e  o f  
d y s p n o e a ,  a s  f a r  a s  c o u l d  b e  g a u g e d  c l i n i c a l l y ,  t o  t h a t  e x h i b i t e d  
b y  c a s e s  w h e r e  i n c r e a s e  i n  s i z e  o f  e r y t h r o c y t e s  a b o v e  n o r m a l  w a s  
r e c o g n i s e d  b y  t h e  c e n t r i f u g e  a n d  b y  c e l l  m e a s u r e m e n t ,  i t  m a y  b e  
s l a t e d ,  a s  F r a s e r ,  R o s s  a n d  D r e y e r  (49 ) b a v e  p o i n t e d  o u t ,  t h a t  
t h e r e  i s  n o  m e t h o d  o f  g a u g i n g  a c c u r a t e l y  t h e  e x t e n t  o f  h y p e r p n o e a  
c l i n i c a l l y ,  e s p e c i a l l y  i n  p a t i e n t s  s e r i o u s l y  i l l ,  a n d  t h a t  s u c h  
t e r m s  a s  o r t h o p n o e a  a n d  d y s p n o e a  d e s c r i b e  c l i n i c a l  a p p e a r a n c e s  
t h a t  c o v e r  a  w i d e  r a n g e  o f  r e s p i r a t o r y  d i s t r e s s ,  a n d  g i v e  p r o ­
b a b l y  n o  i n d i c a t i o n  o f  t r u e  p u l m o n a r y  v e n t i l a t i o n .
A s  f a r  a s  t h i s  i n v e s t i g a t i o n  i s  c o n c e r n e d ,  h o w e v e r ,  i t  i s  
c o n s i d e r e d  t h a t  t h e  s e v e r e  d y s p n o e a  e x h i b i t e d  b y  t h e  m a j o r i t y  
o f  t h e  c a s e s  w i t h  g r o s s  c a r d i a c  f a i l u r e ,  h a s ,  i n  v i e w  o f  t h e  
a s s o c i a t e d  c o r p u s c u l a r  e n l a r g e m e n t  i n  t h e s e  o a s e s ,  p r o b a b l y  
i n d i c a t e d  s o m e  d e g r e e  o f  a c t u a l  i m p a i r m e n t  o f  t h e  r e s p i r a t o r y  
m e c h a n i s m  f o r  t h e  d i s c h a r g e  o f  0 0 2 , a s  p r e v i o u s l y  d i s c u s s e d .
T h e  n o r m a l ,  v a l u e s  f o r  o e l l  s i z e  w e r e  s h o w n  b y  o n l y  a  f e w  c a s e s
of sev ere  c a rd ia c  f a i l u r e  in  t h i s  work, in which c a se s  i t  is
p o s s ib le ,  t h a t ,  acco rd in g  to  th e  s ta tem en t o f F ra s e r ,  Ross and
D reyer ( 49)» th e  dyspnoea has given no in d ic a t io n  of t r u e  p u l­
monary v e n t i l a t io n ,  th e  l a t t e r  be ing  a f f e c te d ,  i t  i s  co n s id e red , 
to  a  l e s s  d eg ree  th an  in  th e  m a jo rity  of th e  cases o f c a rd ia c  
f a i l u r e  above m entioned, where some enlargem ent o f th e  e ry th ro ­
cy tes  above t h e i r  average normal s iz e  was found to  be p re s e n t .
Broadly sp eak in g , in e f f ic ie n c y  of pulmonary v e n t i la t io n  
would be l i k e ly  to  occur in  cases w ith  pulmonary d is e a s e , e .g . ,  
emphysema, in  a d d it io n  to  h e a r t f a i l u r e ,  o r in  p a t i e n t s  w ithout 
a d d i t io n a l  pulmonary d is e a s e ,  but e x h ib i t in g  g ross le s io n s  in  
th e  lungs o c c u rr in g  w ith  sev ere  co n g e s tiv e  h e a r t  f a i l u r e .  I t  was 
p r e c is e ly  in  such ty p es o f c a ses  th a t  F ra s e r  and h is  co-w orkers ( 5°) 
found th e  a r t e r i a l  carbon d io x id e  p re s s u re  to  be r a is e d ,  as  a  
r e s u l t  of a  deg ree  o f f a u l ty  v e n t i l a t io n  s u f f i c i e n t  to  a f f e c t  th e
e f f ic ie n t  exchange of COg.
A pplying th e  above g en e ra l r u le  to  th e  r e s u l t s  o b ta in ed  in  
the  p re s e n t in v e s t ig a t io n  in  r e l a t io n  to  th e  type  of le s io n  
p re s e n t ,  i t  was found th a t  s ig n i f ic a n t  enlargem ent o f th e  red  
blood c e l l s  was g e n e ra lly  p re s e n t in  o o n g estiv e  h e a r t  f a i l u r e  
o cc u rr in g  in  p a t i e n t s  w ith  ch ro n ic  b ro n c h i t is  and emphysema, and 
in p a t i e n t s  w ith o u t such a d d i t io n a l  pulmonary d is e a s e  but e x h ib i t ­
ing w ell-m arked  s ig n s  of th e  pulm onary le s io n s  a s s o c ia te d  w ith  th e  
ca rd iac  f a i l u r e  i t s e l f .  R egarding th e  l a t t e r  ty p e  of o ase , how­
ever, c e r t a in  f a c t s  em erging from th e  r e s u l t s  r e q u ir e  to  be 
m entioned.
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I t  w a s  f o u n d ,  f o r  e x a m p l e ,  t h a t  o f  t h e  d e c o m p e n s a t e d  v a l v u l a r  
l e s i o n s  a s s o c i a t e d  w i t h  s i g n i f i c a n t  e n l a r g e m e n t  o f  e r y t h r o c y t e s  
a b o v e  n o r m a l ,  m i t r a l  s t e n o s i s  p r e d o m i n a t e d ,  w h i l e  a o r t i c  r e g u r g i ­
t a t i o n ,  w i t h  s e c o n d a r y  m i t r a l  r e g u r g i t a t i o n  a n d  c o n g e s t i v e  f a i l u r e ,  
w a s  m o r e  f r e q u e n t l y  a s s o c i a t e d  w i t h  n o r m a l  s i z e s  o f  r e d  c e l l s ,  o r  
o n l y  a  p r o b a b l e  e n l a r g e m e n t  o f  t h e  c e l l s  a b o v e  n o r m a l .  W h e n , h o w ­
e v e r ,  i n  c a s e s  o f  a o r t i c  r e g u r g i t a t i o n ,  t h e r e  w a s  a  c o - e x i s t i n g  
p u l m o n a r y  a f f e c t i o n ,  s u c h  a s  e m p h y s e m a ,  o r  t h e  a o r t i c  l e s i o n  w a s  
c o m b i n e d  w i t h  m i t r a l  s t e n o s i s ,  a  s i g n i f i c a n t  e n l a r g e m e n t  o f  
e r y t h r o c y t e s  a b o v e  n o r m a l  w a s  m o r e  l i k e l y  t o  b e  p r e s e n t ,  a l t h o u g h  
i n  o n e  c a s e  w i t h  c o - e x i s t i n g  c h r o n i c  b r o n c h i t i s  a n d  e m p h y s e m a ,
( C a s e  45 ) "the r e s u l t s  i n d i c a t e d  o n l y  a p r o b a b l e  c o r p u s c u l a r  
e n l a r g e m e n t  a b o v e  n o r m a l .
D i s t u r b a n c e  o f  p u l m o n a r y  f u n c t i o n  w i l l  n o  d o u b t  o c c u r  m u c h  
e a r l i e r  i n  c o n g e s t i v e  h e a r t  f a i l u r e  a s s o c i a t e d  w i t h  m i t r a l  
s t e n o s i s  o r  p u l m o n a r y  e m p h y s e m a ,  t h a n  w i t h  p u r e  a o r t i c  r e g u r g i t a ­
t i o n ,  d u e  t o  t h e  f a c t  t h a t  i n  m i t r a l  s t e n o s i s  a n d  e m p h y s e m a ,  t h e r e  
i s  a  t e n d e n c y  t o  l u n g  i n v o l v e m e n t  f r o m  i n c r e a s e d  p r e s s u r e  i n  t h e  
p u l m o n a r y  c i r c u l a t i o n ,  e v e n  b e f o r e  c a r d i a c  f a i l u r e  d e v e l o p s  -  a n d  
w h i c h  w i l l  b e  e n h a n c e d  b y  t h e  a d v e n t  o f  t h e  l a t t e r  -  w h i l e  i n  
a o r t i c  r e g u r g i t a t i o n ,  L u n d s g a a r d  a n d  V o n  S l y k e  (84) s t a t e  t h a t  
t h e  l u n g s  a r e  u s u a l l y  n o t  o f t e n  i n v o l v e d  d u r i n g  t h e  f i r s t  s t a g e s  
o f  d e c o r q p e n s a t i o n .  O w in g  t h e r e f o r e  t o  t h e  a d d e d  e f f e c t  o f  e a r l i e r  
p e r i o d s  o f  p u l m o n a r y  s t a s i s  i n  m i t r a l  s t e n o s i s  a n d  i n  e m p h y s e m a ,  
t h e  d e g r e e  o f  i m p a i r m e n t  o f  t h e  r e s p i r a t o r y  m e c h a n i s m  f o r  t h e  
d i s c h a r g e  o f  C O 2 ,  m a y  o f t e n  t e n d  t o  b e  g r e a t e r  i n  s u c h  c a s e s  t h a n
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Fpo ssib ly  even In  th e  l a t e r  s ta g e s  of decom pensation in  a o r t ic  
eases, when s ig n s  of pulm onary involvem ent axe p re s e n t .  The 
fa c t th a t  a  s ig n i f i c a n t  enlargem ent of re d  c e l l s  above normal 
was more prone to  develop  in  a o r t i c  c a se s  when a s s o c ia te d  w ith  
ohronic b ro n c h i t i s  and emphysema, o r  w ith  m i t r a l  s te n o s is ,  would, 
in  my o p in io n , be in  b ee p in g  w ith  th e  g re a te r  deg ree  of im p a ir­
ment o f pulm onary fu n c t io n  o c c u rr in g  from  th e  a s s o c ia te d  l e s io n s .
A s ig n i f ic a n t  en largem ent o f  re d  c e l l s  above norm al was, 
however, p re s e n t  in  one c a se  o f a o r t i c  r e g u r g i ta t io n  -  Bo. J9 -  
w ith  co n g estiv e  h e a r t  f a i l u r e  a s s o c ia te d  w ith  w ell-m arhed  s ig n s  
of pulmonary isT o lT g se n t, mac w ith  c o n s id e ra b le  d ropsy  % I h i l e  
t h i s  t i ^ s t c  th e  p o s s i b i l i t y  o f s ig n i f i c a n t ly  e n la rg e d  e ry th ro ­
cy tes  shove x m l  being  p re s e n t in  p u re  a o r t i c  r e g u r g i ta t io n  in  
th e  s ta g e  of acvamced  decom pensation w ith  r ig h t - s id e d  h e a r t  
f a i l u r e ,  I  th in k ,  n e v e r th e le s s ,  th a t  th e  hydraem ia o r  d i lu t io n  
of th e  b lood a s s o c ia te d ,  as  l a t e r  d is c u s s e d , w ith  th e  g ro ss  
oedema, may have s l i g h t l y  in f lu en c ed  th e  s i s e  o f th e  c o rp u s c le s , 
Barger (17) h av in g  s ta te d  t h a t  th e  o rd in a ry  osm otic p r o p e r t ie s  o f 
th e  e ry th ro c y te s  a re  n o t in te r f e r e d  w ith  when th ey  e n la rg e  in  an 
i a c ld  m ix tu re* . F u r th e r  re fe re n c e  t o  th e  p o s s i b i l i t y  o f  a  s p e c i­
f i c  in f lu e n c e  o f hydraem ia on th e  e ry th ro c y te  w i l l  be made l a t e r .
R egarding th e  c a se s  of se v e re  c o n g es tiv e  h e a r t  f a i l u r e  
secondary to  h y p e r te n s iv e  c o n d itio n s  a s s o c ia te d  w ith  m yocardial 
d eg en era tio n , such as a r t e r i o s c l e r o s i s  and ch ro n ic  n e p h r i t i s ,  a  
s ig n if ic a n t  en largem ent o f th e  e ry th ro c y te s  above norm al was 
p resen t in  a l l  th e  ca ses  of a r t  e r io - s c le r o s  i s  and ohron ic
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i n t e r s t i t i a l  n e p h r i t i s  ( in c lu d in g  th o se  not com plicated  by p u l ­
monary emphysema) and a p robab le  enlargem ent was p re se n t in  th e  
case  of c a rd ia c  f a i l u r e  secondary to  ch ron ic  parenchym atous 
n e p h r i t i s .
As w ith  a o r t i c  r e g u rg i ta t io n ,  lu n g  involvem ent in  th e  above 
ty p e  of c a se , w i l l  ten d  to  be o f com parative ly  l a t e  o ccu rren ce , 
except when th e re  i s  c o -e x is t in g  pulmonary emphysema, in  which 
l a t t e r  ca se , acco rd in g  to  my view, a s ig n i f ic a n t  enlargem ent of 
th e  red  blood co rp u sc les  might be expected . The f a c t ,  however, 
th a t  such enlargem ent o ccu rred  in  th o se  cases  w ithou t a d d i t io n a l  
pulmonary d is e a s e ,  in d ic a te s ,  in  ray o p in io n , th e  p o s s i b i l i t y  of 
in s u f f ic ie n c y  o f e l im in a tio n  of CO2 through  th e  lu n g s , in  th e  
p resen ce  of a pulmonary le s io n  secondary to  sev ere  co n g estiv e  
h ea rt f a i l u r e ,  r e s u l t in g  in  th e  tendency to  ac idaem ia , to  w hich, 
as p re v io u s ly  d e sc rib ed , th e  enlargem ent o f e ry th ro c y te s  in  th e  
p e r ip h e ra l  blood i s  co n sid ered  to  be r e la te d .
A ccording to  my view , ap a rt from th e  prim ary f a c to r  of 
red u c tio n  in  c i r c u la t io n  r a t e ,  upon which depends th e  in c re a se  
of COg in  th e  t i s s u e s  and p e r ip h e ra l  b lood, an im port suit a d d i­
t io n a l  o r c o n t ro l l in g  f a c to r  in  th e  enlargem ent o f e ry th ro c y te s  
in  co n g estiv e  h e a r t  f a i l u r e ,  i s  th e  e x te n t of p a th o lo g ic a l  
changes in  th e  lu n g s , upon which w i l l  depend th e  degree of 
impairment of th e  r e s p ir a to ry  mechanism f o r  th e  d isc h a rg e  of COg.
In  o th e r  w ords, i f  in  co n ju n c tio n  w ith  th e  in c reased  COg 
co n ten t of c a p i l la ry  and venous b lood , r e s u l t in g  from d im in ish ed  
c i r c u la t io n  r a t e ,  a s u f f i c ie n t  e l im in a tio n  of COg, th ro u $ i th e
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lu n g s i s ,  as s ta te d  by many o b se rv e rs  (3 1 ), (79)? (102), (IO 3), 
(104) , (131), s e r io u s ly  in te r f e r e d  w ith , owing to  th e  a l te r e d  
c o n d itio n  of th e  pulmonary ep ith e liu m , a s ig n i f ic a n t  e n la rg e ­
ment of th e  red  co rp u sc le s  w i l l ,  in  my o p in io n , ten d  to  occur 
in  a s s o c ia t io n  w ith  th e  r e s u l t in g  COg accum ulation  and tendency 
to  acidaem ia. On th e  o th e r  hand, i f  th e  degree of impairment of 
pulmonary v e n t i l a t io n  a f f e c t in g  carbon d io x id e  i s  l e s s  marked 
( in  which connection  th e  type  of le s io n  may be of some s i g n i f i ­
cance, as p re v io u s ly  d iscu ssed ) th e  in c reased  COg in  th e  t i s s u e s  
and p e r ip h e ra l  blood w i l l  ten d  to  be more com pletely  washed o u t, 
and th e re  w i l l  consequen tly  be l e s s  tendency to  acidaem ia. This 
may, I th in k , a f fo rd  a p o s s ib le  e x p la n a tio n  f o r  th e  f a c t  th a t  in  
sev e re  c a rd ia c  f a i l u r e ,  th e  red  c e l l s  a re  o c c a s io n a lly  only p ro ­
bably en la rg ed  above norm al, and may even show no d e v ia tio n  in  
volume o r d iam eter from th e  norm al. I t  shou ld  be s ta te d ,  however, 
th a t  w h ile  such ex cep tio n s  may occu r, i t  i s  ap p a re n tly  more common, 
acco rd in g  to  my in v e s t ig a t io n s ,  f o r  sev ere  co n g estiv e  h e a r t  f a i l u r e  
to  be a s s o c ia te d  w ith  s ig n i f i c a n t ly  en la rg ed  red  c e l l s  above normal.
The apparen t f a i l u r e  of en la rg ed  red  c e l l s  to  e x h ib it  f u r th e r  
enlargem ent w ith  in c re a se  in  s e v e r i ty  of th e  c a rd ia c  f a i l u r e ,  
observed in  a  few cases  w ith  p ro x im ity  of d ea th , i s  d i f f i c u l t  to  
ex p la in . I t  may p o s s ib ly  be due to  some changes o c c u rr in g  a t  t h i s  
s ta g e , in  th e  co rp u sc u la r  membrane, as reg a rd s  p e rm e a b ili ty  to  
s a l t s  and w a te r , and in te r f e r in g  w ith  th e  e x te n t o f th e  io n ic  
in te rc h an g e  between co rp u sc le s  and plasm a.
With re g a rd  to  th e  s ig n i f i c a n t ly  sm a lle r  th an  normal red
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c e l l s  in th e  th re e  cases  of c a rd ia c  f a i l u r e  where in fe c t iv e  
e n d o c a rd itis  was p re s e n t ,  as an in f e c t io n  on o ld  v alve  le s io n s ,  
i t  i s  considered  th a t  th e  lo s s  in  volume and d iam eter i s  due to  
d i r e c t  d eg e n e ra tiv e  changes r e la te d  to  th e  d e s tru c t iv e  to x in s  
in  th e  blood ( 22 ). In  o th e r  w ords, th e se  ca ses  have e x h ib ite d  
th e  p redom inating  e f f e c t  of d eg e n e ra tiv e  or nk a t a b io t ic H f a c to r s  
r e l a t i n g  to  th e  in f e c t io n ,  on th e  s iz e  of th e  red  co rp u sc le s , 
r a th e r  than  th e  e f f e c t  o f th e  physico -chem ical f a c to r s  p re v io u s ­
ly  d e sc r ib e d .
I t  was observed th a t  in  no o th e r  type  of case in  t h i s  work 
was th e  s tag e  of h e a rt f a i l u r e  a s s o c ia te d  w ith  a  s ig n i f ic a n t  
d im in u tio n  in  s iz e  of th e  red  c e l l s  below norm al, which su g g ests  
th a t  a d ec rease  from p hysico -chem ical f a c to r s ,  such as may 
r e s u l t  from an a lk a laem ia  due to  an ex cess iv e  washing out o f 
COg, i s  not u s u a lly  p re s e n t in  th e  p e r ip h e ra l  blood in  con­
g e s tiv e  h e a r t  f a i l u r e .
Comment must be made on th e  enlargem ent of red  blood c e l l s  
in  cases of co n g estiv e  h e a r t  f a i l u r e  e x h ib i t in g  g ross oedema, 
am ounting to  g en e ra l an a sa rca , w ith  w hich, as n o ted  in  th e  
a n a ly s is  of th e  r e s u l t s ,  a r e l a t iv e l y  d im in ished  red  c e l l  count 
and haem oglobin p e rce n tag e , was a s s o c ia te d . As w i l l  be f u r th e r  
d isc u sse d  in  a subsequent s e c tio n , a c o n d itio n  of hydraem ia or 
d i lu t io n  of th e  blood has presum ably been p re se n t in  a s s o c ia t io n  
w ith  th e  r e l a t i v e l y  low ered e ry th ro c y te  count and haemoglobin 
p e rcen tag e  in  th e  oedematous s tag e  of th e se  p a t i e n t s ,  which 
gave way to  a c o n c e n tra tio n  of co rp u sc u la r  elem ents when
115
subsidence of oedema o ccu rred , fo llo w in g  a p ro fu se  d iu r e s i s .
Herz (quoted by Capps (22)) has s ta te d  th a t  dropsy from any 
cause b rin g s  about an ’’ac u te  sw e llin g ” of th e  red  c o rp u sc le s , 
but Capps h im se lf f a i l e d  to  observe such a s p e c i f ic  in f lu e n c e  
of hydraem ia on th e  e ry th ro c y te  in  th e  cases of n e p h r i t ic  dropsy 
which he s tu d ie d .
In  t h i s  in v e s t ig a t io n ,  th e  s ig n i f ic a n t  enlargem ent of red  
c e l l s  above normal in  cases where g ro ss  c a rd ia c  oedema w ith  an 
apparen t d i lu t io n  of th e  blood was p re s e n t ,  suggested  th e  p o s s i ­
b i l i t y  of a s p e c if ic  in f lu e n c e  of th e  hydraem ia on th e  e ry th ro c y te . 
I t  was, however, no ted  th a t  only a s l i g h t  dim inution in  volume and 
d iam eter of th e  c e l l s  occurred  w ith  subsidence  of oedema fo llo w in g  
d iu r e s i s ,  so  th a t  any s p e c i f ic  in f lu e n c e  of th e  d i lu te d  blood on 
th e  red  c e l l  h as , acco rd in g  to  my o b se rv a tio n s , only been s l i g h t ,  
as  dem onstrated  by th e  c e n tr ifu g e  o r by c e l l  measurement.
Although th e  e ry th ro c y te s  showed th e  above-m entioned tendency  
to  d im inu tion  in  volume and d iam eter w ith  subsidence of oedema 
fo llo w in g  d iu r e s i s ,  a r e tu rn  to  normal v a lu es  was ap p a ren tly  only 
o b ta in ed  a f t e r  f u r th e r  c l i n i c a l  improvement had o ccu rred , and th e  
s ig n s  of c a rd ia c  f a i l u r e  had p r a c t i c a l ly  d isap p ea red .
Henderson (67) has shown th a t  in c re a se  in  oxygen p re s su re  
causes a movement of c h lo r id e  outwards from th e  c e l l s ,  and a 
d im inu tion  in  t h e i r  volume -  i . e . ,  th e  re v e rse  of what occurs 
w ith  in c re a se  in  CO2 p re s s u re . J o f fe  and P o u lto n  (74 ) a ls o  found 
th a t  oxygenation  of th e  haem oglobin drove out OOg from th e  c o r­
p u s c le s , which was a s s o c ia te d  w ith  a d i f fu s io n  o f a c id  r a d ic le s  
out of them, and a  d im in u tio n  in  t h e i r  volume.
A d m in is tra tio n  of oxygen r a i s e s  th e  a lv e o la r  oxygen te n s io n ,
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so th a t  th e  gas i s  d if fu s e d  more r e a d i ly  in to  th e  blood, and th e  
tendency to  s l i g h t  red u c tio n  in  volume and d iam eter of red  c e l l s  
in  t h i s  work which ra p id ly  occurred  w ith  in h a la t io n  of oxygen, sug­
g e s ts  th a t  from th e  fo re g o in g  experim en ta l ev idence , some COg has 
been d riv en  out of th e  c e l l s ,  and has been a s s o c ia te d  w ith  a 
p assage  of c h lo r id e  and w ate r outwards in to  th e  plasm a.
While only  a very s l i g h t  d im inu tion  in  s iz e  of th e  e ry th ro cy te s  
was observed a f t e r  oxygen in h a la t io n , a more marked decrease  w ith  
u s u a lly  a r e tu rn  to  normal v a lu es was a s s o c ia te d  w ith  f u r th e r  c l i n i ­
c a l  improvement, and th e  re -e s ta b lish m e n t of a s t a t e  of Hcompensa- 
t i o n ” , w ith  removal of th e  s ig n s and symptoms of c a rd iac  f a i l u r e .  
Under such c o n d itio n s , w ith  in c re a se  in  th e  minute volume of th e  
c i r c u la t io n ,  and improvement in , or d isap p earan ce  of, th e  pulmonary 
co m p lic a tio n s , th e re  w i l l  be a removal of th e  f a c to r s  w hich, as 
p re v io u s ly  d e sc r ib e d , have been h e ld  la rg e ly  re sp o n s ib le  f o r  th e  
in c re a se  in  s iz e  of th e  co rp u sc les  above t h e i r  average normal s iz e .
A d im in u tio n  in  s iz e  of th e  e ry th ro c y te s  w ith  c i r c u la to r y  
improvement, but not e n t i r e ly  w ith  a r e tu rn  to  normal v a lu e s , was 
observed in  a p a t ie n t  in  t h i s  work where th e  c a rd ia c  f a i l u r e  was 
secondary to  emphysema and ch ro n ic  b r o n c h i t i s ,  in  whom, a f t e r  th e  
h e a r t  f a i l u r e  had su b sid ed , th e  red  c e l l s  were a p p a re n tly  s t i l l  
s l i g h t l y  la r g e r  th an  th o se  of h e a lth y  p e rso n s , th e  mean d ia m e te rs , 
acco rd in g  to  th e  s tan d a rd  of d if f e re n c e s ,  showing a p robab le  
in c re a se  above norm al. T his r e s u l t  appeared  to  be in  agreem ent, 
to  some e x te n t ,  w ith  th e  o b se rv a tio n  of P r ic e -Jo n e s  (114) th a t  
red blood c e l l s  a re  en la rg ed  in emphysema, a lth o u g h  i t  was n o ted  
th a t  a s im ila r  type of r e s u l t  was not ob ta ined  when improvement 
from co n g e s tiv e  h e a r t f a i l u r e  o ccu rred  in  th re e  o th e r  p a t i e n t s ,
in  whom emphysema and ch ro n ic  b ro n c h it is  were a lso  p re s e n t ,  
a lth o u g h  not a c tu a l ly  th e  prim ary  cause of th e  c a rd ia c  f a i l u r e .  
Even in  th e  ca se  above r e f e r r e d  to ,  however, i t  was seen th a t  
th e  enlargem ent o f th e  co rp u sc les  was enhanced by th e  c a rd ia c  
f a i l u r e ,  presum ably, i t  i s  th o u g h t, because of th e  in c re a se  in  
carbon d io x id e  in  th e  t i s s u e s  and p e r ip h e ra l  b lood from slow ing 
o f th e  c i r c u la t io n ,  to g e th e r  w ith  in c re a se  in  th e  degree of 
isqpairment of r e s p i r a to r y  exchange from  th e  a d d i t io n a l  f a c to r  
of co n g estio n  and oedema of th e  lu n g s , so th a t  th e re  has been 
a  g re a te r  tendency to  "COg accum ulation  and acidaem ia" (131).
Before conclud ing  t h i s  se c tio n  o f th e  d is c u s s io n , i t  shou ld  
be m entioned th a t  th e  q u e s tio n  may be r a is e d  as to  w hether th e  
s l ig h t  in c re a se  in  s iz e  o f th e  e ry th ro c y te s  above norm al f r e ­
q u e n tly  observed  in  th e  p e r ip h e ra l  b lood in  co n g estiv e  h e a r t  
f a i l u r e ,  i s ,  in s te a d  o f b e in g  r e la te d  to  C02 and b lood r e a c t io n , 
in  th e  n a tu re  o f a  com pensation f o r  anoxaemia, and analogous to  
th e  enlargem ent o c c u rr in g  in  T aquez 's  c a ses  o f c a rd ia c  d is e a se  
w ith  ch ron ic  cy an o sis  (124 )- T his p o in t  w i l l ,  however, be more 
co n v en ien tly  d isc u sse d  in  a  subsequent s e o tio n  of th e  d is c u s s io n , 
in  c o n ju n c tio n  w ith  th e  a s s o c ia te d  changes in  th e  number of 
e ry th ro c y te s  and in  t h e i r  in d iv id u a l haemoglobin c o n te n t.
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I I .  Number o f Red C e lls .  Haemoglobin P ercen tag e  and Haemoglobin 
C ontent of Red C e l l s .
The r e s u l t s  in  t h i s  in v e s t ig a t io n  confirm  what has been 
s ta te d  in  th e  l i t e r a t u r e  -  namely, th a t  a r i s e  in  th e  number of 
red  c e l l s  in  th e  p e r ip h e ra l  blood f re q u e n tly  accompanies a  con­
d i t io n  of c a rd ia c  f a i l u r e ,  a s s o c ia te d  w ith  dyspnoea, cy an o sis  
and venous co n g es tio n . In  a d d itio n  to  t h i s ,  i t  has a lso  been 
shown th a t  w ith  improvement from co n g estiv e  h e a r t f a i l u r e ,  a  
d ec re ase  o ccu rs  in  th e  re d  c e l l  co u n t, which in  th e  m a jo rity  of 
th e  cases  re tu rn e d  to  a  norm al, o r s l i g h t ly  d im in ished  f ig u re ,  
a lth o u g h  in  a  few c a se s , i t  remained s l i g h t ly  r a is e d  above norm al.
The haemoglobin p e rcen tag e s  have, g e n e ra lly  sp eak in g , no t 
p a r a l l e le d  th e  ex ten t o f th e  in c re a se  in  th e  re d  c e l l  co u n ts , 
be in g , in  f a c t ,  in  some c a se s , r e l a t i v e ly  low in  th e  s ta g e  of 
c a rd ia c  f a i l u r e ,  as compared w ith  th e  h igh  e ry th ro c y te  co u n ts .
Some d is p a r i ty  was th u s  p re se n t between haemogLobin and red  c e l l s  
in  co n g estiv e  h e a r t  f a i l u r e ,  so th a t  th e  l a t t e r  has ten d ed  to  be 
a s s o c ia te d  w ith  subnormal v a lu es  f o r  c o lo u r index.
Compared w ith  th e  range  of v a lu es  f o r  re d  c e l l  count in  
co n g es tiv e  h e a r t  f a i l u r e  s ta te d  to  o ccu r by one o f th e  w r i te r s  
quo ted  in  th e  l i t e r a t u r e ,  namely, Anders and Boston (4 ) 5 >°0°»000 
to  8 , 000,000  p e r  cmnL,andby Panton and Marrack (101) 7 *000,000  to
8 , 000 , 000 , th e  range in  th e  p re se n t in v e s t ig a t io n  f o r  th e  
co u n ts over 5 , 000 , 000 , has been g e n e ra lly  low er -  namely,
5 , 200,000  to  7 , 000 , 000 . N e v e rth e le s s , a  few o ases  had red  c e l l  
co u n ts  o f 6 , 000,000  p e r  o.mm. and over t h i s  f ig u re  up to  7 , 000 , 000 ,
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to g e th e r  w ith  haemoglobin p e rce n tag e s  above norm al.
Regarding in c re a se  in  th e  number of red  blood c e l l s  in  con­
g e s tiv e  h e a r t  f a i l u r e ,  two p o s s i b i l i t i e s  must be co n sid ered , 
nam ely, th e  occurrence o f a r e l a t i v e  in c re a se  in  red  c e l l s  
(d e sc rib e d  as a r e l a t i v e ,  lo c a l  polycythaem ia) and th e  develop­
ment o f a  secondary , a b s o lu te  in c re a se  in  red  c e l l s ,  d e sc r ib e d  
as an e ry th ro c y to s is .
A r e l a t i v e  po lycy thaem ia may be shown to  be p re se n t 
( F i tz  (47 )) by an In c rease  in  red  c e l l  count combined w ith  e v i­
dence of d im in ished  plasm a volume, o b ta in e d  most sim ply by th e  
h ae m a to c rit. While t h i s  ty p e  of in c re a se  in  th e  number of red  
c e l l s  i s  o f fre q u en t occu rrence  in  c o n d itio n s  a s s o c ia te d  w ith  
lo s s  of w ater from th e  body (as f o r  example in  c h o le ra ic  
d ia r rh o e a ) , i t  can a lso  o ccu r, as s t a te d  by G raw itz (quoted  by 
von Limbeck (127)) from lo s s  of w ate r from th e  blood a lo n e .
D autrebande, D avies and Meakins (30) found a  passag e  of 
f l u i d  to  occur from th e  blood to  th e  t i s s u e s  in  experim en ta l 
c i r c u la to r y  s t a s i s ,  to  which th ey  a t t r i b u te d  th e  r e l a t iv e  
in c re a se  in  red  c e l l  count and haem oglobin p e rcen tag e  and th e  
in c re a s e  in  t o t a l  red  c e l l  volume (as in d ic a te d  by th e  haema­
t o c r i t )  which occu rred  under th e se  c o n d itio n s .
In t h i s  in v e s t ig a t io n  th e  in c re a s e s  in  t o t a l  red  c e l l  
volume (as shown by h aem ato crit r e a d in g s ) , red  c e l l  coun t, and 
haemoglobin p e rce n tag e , would p robab ly  a ls o  in d ic a te  th a t  con­
c e n tr a t io n  of th e  c o rp u sc u la r  elem ents of th e  p e r ip h e ra l  b lood 
had ocourred  in  many c a se s . D isappearance of such a  r e l a t i v e
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polycy thaem ia would no doubt depend on in c re a se  in  c i r c u la t io n  
r a t e ,  which has probab ly  o p era ted  in  th o se  p a t ie n t s  who, w ith  
improvement in  c l i n i c a l  c o n d itio n , e x h ib ite d  in  th e  p e r ip h e ra l  
blood a d ec rease  in  red  c e l l  coun t, a  r e tu rn  to  norm al haem atocrit 
re a d in g s , and, as an in d ic a t io n  of in c reased  v e lo c ity  of blood 
flow , a  re d u c tio n  in  blood v is c o s i ty .
Loeb (80 ), in  h is  monograph on oedema, s t a t e s  th a t  in c a rd ia c  
decom pensation, c o n d itio n s  a re  p re se n t in  a s s o c ia t io n  w ith  th e  
venous o b s tru c t io n  and in c re a se d  p e rm e a b ili ty  of th e  c a p i l l a r i e s ,  
fo r  an in c re a se d  tra n s u d a tio n  o f f l u id  from th e  blood to  th e  
t i s s u e s ,  which is  an im portan t mechanism in  th e  subsequent oedema.
I t  has been n o ted  in  t h i s  in v e s t ig a t io n ,  by c o r r e la t in g  th e  
r e s u l t s  to  th e  c l i n i c a l  c o n d itio n , th a t  dem onstrab le oedema 
(u su a lly  “m oderate” , but in  two cases  “marked*) was p re se n t in  
th e  m a jo rity  of cases of co n g estiv e  h e a r t  f a i l u r e ,  e x h ib it in g  red  
c e l l  counts above normal in  th e  p e r ip h e ra l  c a p i l l a r y  blood which 
sometimes amounted to  6 , 000,000  p e r  c.mm. and over. De Wesselow 
(32) co n s id e rs  th a t  th e  dem onstra tion  o f a  h igh  red  blood c e l l  
count o r  in c re a se  in  red  c e l l  volume in  ca ses  of oedema, su g g es ts  
a t i s s u e ,  o r p r e - r e n a l  o r ig in  of d ropsy , th a t  i s ,  an a b s tr a c t io n  
of w ate r from th e  blood by th e  t i s s u e s .  While i t  i s  no t th e  p u r­
pose o f t h i s  th e s i s  to  d is c u s s  th e  mechanism of c a rd ia c  oedema, 
which must in c lu d e  o th e r  f a c to r s  b es id es  in c reased  c a p i l l a r y  p e r ­
m e a b il i ty  such as osm otic p re s s u re  of plasm a p ro te in s  and 
secondary in te r f e r e n c e  w ith  r e n a l  fu n c tio n , n e v e r th e le s s ,  i t  i s  
p o s s ib le  th a t  th e  p resen ce  o f oedema in  oases of co n g estiv e
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c a rd ia c  f a i l u r e  in  a s s o c ia t io n  w ith  in c re a se  in  re d  c e l l  count 
and t o t a l  co rp u sc u la r  volume, may in d ic a te ,  acco rd in g  to  De 
Wesselow, th a t  c o n c e n tra tio n  of th e  red  c e l l s  has tak en  p la c e  
from a b s t r a c t io n  of w ater to  th e  t i s s u e s .  In  o th e r  w ords, t h i s  
may support th e  con c lu sio n  th a t  a  r e l a t i v e  in c re a se  in  th e  number 
of red  co rp u sc le s  occurs in  th e  p e r ip h e ra l  blood in  severe con­
g e s t iv e  h e a rt f a i l u r e .
In  a d d i t io n , however, to  th e  in c re a se  in  red  c e l l s  in  th e  
p e r ip h e ra l  b lood in  co n g estiv e  h e a r t  f a i l u r e  be in g  m erely in  th e  
n a tu re  of a  s o -c a l le d  r e l a t i v e  po lycy thaem ia , th e re  i s  th e  p o s s i ­
b i l i t y ,  p re v io u s ly  m entioned, th a t  i t  may a lso  be r e la te d  to  an 
a c tu a l  e ry th ro c y to s is  or secondary a b so lu te  in c re a se  in  red  c e l l s .  
Such an e ry th ro c y to s is  would ac t as a com pensation f o r  oxygen w ant, 
th e  l a t t e r  r e s u l t in g  from th e  s tag n an t anoxaemia depending on 
re d u c tio n  in  c i r c u la t io n  r a t e ,  and enhanced by th e  f a c to r  of 
anoxic anoxaemia r e s u l t in g  from a s s o c ia te d  g ro ss  pulmonary le s io n s .  
As in d ic a te d  in  th e  resum e^of th e  l i t e r a t u r e ,  an e ry th ro c y to s is  is  
s t a te d  to  occur by many w r i te r s  in  a s s o c ia t io n  w ith  th e  cy an o sis  
of f a i l i n g  c i r c u la t io n  and im perfec t oxygenation  o f th e  t i s s u e s .
Slowing o f th e  c i r c u la t io n  p roduces s ta g n a n t anoxaemia from 
an ex cess iv e  p ro p o rtio n  of oxygen used up in  th e  system ic  c a p i l l a r i e s  
and t h i s  w i l l  favour cy a n o s is . The l a t t e r  w i l l ,  however, te n d  to  
be enhanced by a r t e r i a l  o r  anoxic anoxaemia, from incom plete r e ­
oxygenation  o f blood in  th e  lu n g s , in  th e  p resen ce  of g ross 
pulmonary le s io n s  secondary to  sev ere  co n g es tiv e  h e a r t  f a i l u r e ,  
to g e th e r  w ith , in  th o se  ca ses  where i t  i s  p r e s e n t ,  pulmonary
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d is e a s e  such as emphysema and ch ro n ic  b r o n c h i t i s ,  in  a d d itio n  to  
h e a r t  f a i l u r e .
I t  was n o ted  in  t h i s  work th a t  h ig h e r  f ig u re s  fo r  re d  c e l l  
co u n ts  were g e n e ra lly  p re se n t in  p a t i e n t s  w ith  severe  ca rd iac  
f a i l u r e ,  e x h ib i t in g  a  marked degree of cy a n o sis , but d e f in i t e  
evidence th a t  such h igh  e ry th ro c y te  coun ts in  th e  c a p i l la ry  
blood r e l a t e  to  an a c tu a l  e ry th ro c y to s is  can only be o b ta in ed  by 
an e s tim a tio n  o f t o t a l  blood volume. T his would th en  ten d  to  be 
in  excess of norm al, as  compared w ith  th e  d ec reased , o r  p o s s ib ly  
norm al, blood volume of r e l a t i v e  po lycy thaem ia (Rowntree and 
Brown (118) ) ,  d e s p ite  th e  f a c t  th a t  in  th e  l a t t e r  c o n d itio n , 
th e se  o b se rv e rs  s t a t e  (118) th a t  th e  number o f e ry th ro c y te s  or 
th e  p e rcen tag e  of c e l l s ,  a s  determ ined by th e  h aem ato crit method, 
may be h ig h .
However, th a t  an increm ent o f re d  c e l l s  has p o s s ib ly  o ccu rred  
in  a s s o c ia t io n  w ith  th e  g re a te r  deg ree  of oxygen want o f th e  
t i s s u e s  r e s u l t in g  from pulmonary co m p lica tio n s  w ith  t h e i r  tendency 
to  anoxic anoxaemia, may p o ss ib ly  be seen  from th e  f a c t  th a t  th e  
in h a la t io n  of oxygen (which r e l ie v e s  a r t e r i a l  anoxaemia) has in  
th e  fo u r p a t i e n t s  in  whom i t s  e f f e c t s  were s tu d ie d , caused a 
s l i g h t  but c o n s is te n t  d im inu tion  in  th e  red  c e l l  coun t, to g e th e r  
w ith  a  re d u c tio n  in  cy a n o sis .
I t  i s  w orthy of comment th a t ,  w h ile  a l l  th e  above cases  had 
w ell-m arked pulmonary le s io n s  secondary to  h e a r t  f a i l u r e ,  th re e  
of them had emphysema and ch ro n ic  b ro n c h i t i s ,  in  a d d itio n  to  th e  
h e a r t  f a i l u r e .  Such a  ch ro n ic  pulmonary a f f e c t io n  w i l l ,  a p a r t 
from c a rd ia c  f a i l u r e ,  g ive r i s e  to  a tendency to  cy an o sis  from
d e f ic ie n t  oxygenation  of blood in  th e  lu n g s , and as F rench (51) 
has s ta te d ,  to  some degree of c oilmens a t  ory in c re a se  in  th e  
number of red  blood c e l l s .  Sometimes a lso  in  m it r a l  s te n o s is  -  
which was th e  le s io n  in  th e  fo u r th  case in  which th e  e f f e c t  of 
oxygen was s tu d ie d  -  a  com pensatory in c re a se  in  th e  number o f 
re d  c e l l s  may, acco rd in g  to  French (51), occur, in  o rd e r  to  
d i s t r i b u t e  th e  haemoglobin over a  la r g e r  co rp u sc u la r  a re a . I t  
was no ted  th a t  in  th e  p a t ie n t  w ith  m i t r a l  s te n o s is  r e f e r r e d  to  
above, a  re d  c e l l  count of 5 >420,000  p e r  c.mm. was p re se n t a f t e r  
c o n s id e ra b le  improvement in  co n d itio n  had o ccu rred , and th a t  in  
one of th e  p a t ie n t s  w ith  ch ron ic  b ro n c h i t i s  and emphysema, a  
count of 5>570,000 p e r  c.mm. rem ained a f t e r  improvement from 
th e  c a rd ia c  f a i l u r e  had taken  p la c e . W hile th e se  coun ts re p re se n t 
only moderate in c re a se s  above th e  normal s ta n d a rd , th ey  may n ev e r­
th e le s s  in d ic a te  th e  tendenoy to  in c re a se  in - th e  number of red  
ce llB  in  such cases  a p a rt from g ro ss  c a rd ia c  f a i l u r e  (51),
R egarding th e  p o s s ib le  mechanisms invo lved  in  an e ry th ro ­
c y to s is  consequent upon oxygen w ant, P ark es Weber (128) s t a te s  
th a t  he found evidence o f abnormal haemat op o t i t i c  a c t i v i t y  of 
th e  bone-marrow a t  a u to p s ie s  on c a rd ia c  cases w ith  ch ron ic  
cy an o sis , but Yaquez (125) has rem arked on th e  f a c t  th a t  no 
n u c le a te d  red  c e l l s  o r  m yelocytes a re  found in  th e  blood of 
such c a rd ia c  ca ses  w ith  cy an o sis , where an in c re a se  in  th e  
number of re d  c e l l s  i a  p re s e n t .
I t  i s  a ls o  in te r e s t i n g  to  n o te , -  from th e  very  few 
re fe re n c e s  th a t  I  could  f in d  in  th e  l i t e r a t u r e ,  -  th a t  th e  
r e t ic u lo c y te s  a re  a p p a re n tly  not in c re a se d  in  c a rd ia c  ca ses  
e x h ib i t in g  e ry th ro c y to s is .  Harrop (6 5 ), Tor example, quo tes a
case  of c a rd ia c  d is e a se  w ith  e ry th ro c y to s is ,  in  which th e  red  
c e l l  count was 6 ,100,000 p e r  c.mm., and th e  p e rcen tag e  of 
r e t ic u lo c y te s  was 0 . 6 , which is  w ith in  normal l im i t s .  In  
an o th e r two c a rd ia c  ca ses  ( th e  e ry th ro c y te  counts of which 
a re ,  however, no t given) th e  r e t ic u lo c y te s  were 0 .9  p e r  c e n t, 
and 0 .5  p e r  c e n t, of th e  red  c e l l s ,  b e in g  a ls o  ap p a re n tly  
w ith in  normal l im i t s .
N ev e rth e le s s , P arkes Weber’s o b se rv a tio n s  on th e  a c t i v i t y  
of th e  bone marrow (which i s ,  a f t e r  a l l ,  an im portant source of 
re d  co rp u sc le s  in  resp o n se  to  oxygen want) cannot be d is re g a rd e d , 
in  s p i t e  of th e  fo reg o in g  apparen t la c k  of evidence in  th e  blood 
stream , because , as McDowall (88) p o in ts  o u t, th e re  may be an 
in c re a se  in  red  c e l l s  in  c i r c u la to r y  d is e a s e , w ithou t th e  
p resen ce  o f abnormal o r p r im it iv e  form s.
In  th e  ch ro n ic  form of c a rd ia c  f a i l u r e  under d is c u s s io n , 
w ith  f a i l u r e  of th e  g en e ra l c i r c u la t io n  and venous co n g estio n , 
i t  i s  p o s s ib le  th a t  th e  h ig h  red  c e l l  coun ts in  th e  p e r ip h e ra l  
blood - e s p e c ia l ly  th o se  from 6,000,000 to  7>°00,000 c e l l 8 p e r  
c.mm. -  may be r e la te d  to  an e ry th ro c y to s is  as w e ll as  more
from
d i r e c t ly  to  a  r e l a t i v e  po lycy thaem ia , th e  e ry th ro c y to s is  r e s u l t i n g /  
some degree of o v e r - a c t iv i ty  o f th e  bone marrow, in  resp o n se  to  
anoxaemia and cy an o sis  a r i s i n g  from slow ing  o f th e  c i r c u la t io n  
and p e r ip h e ra l  s t a s i s ,  to g e th e r  w ith  d e f ic ie n t  reoxygenation  o f 
blood in  th e  lu n g s  from co n g estio n  and oedema o f th e  a lv e o l i .
The l a t t e r  f a c to r  w i l l  be in te n s i f i e d  in  ca ses  w ith  pulmonary 
d is e a s e  ( e .g . ,  ch ron ic  b ro n c h it is  and emphysema) in  a d d itio n  to  
h e a r t  f a i l u r e .
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I t  appeared  from th e  r e s u l t s  of t h i s  in v e s t ig a t io n  th a t  th e  
po lycy thaem ia of co n g estiv e  h e a r t f a i l u r e  may be most marked in  
c a se s  of m it r a l  s te n o s is  when condensation  has f a i l e d ,  and in 
p a t i e n t s  w ith  c a rd ia c  f a i l u r e  in  whom ch ron ic  b ro n c h i t is  and 
emphysema a re  p re s e n t ,  e i th e r  c o n s t i tu t in g  th e  prim ary  cause of 
th e  f a i l u r e ,  o r  p re se n t as c o - e x is t in g  le s io n s  w ith  o th e r  cond i­
t io n s  -  such a s , f o r  example, ch ron ic  i n t e r s t i t i a l  n e p h r i t i s  -  
w ith  which th e  c a rd iac  f a i l u r e  i s  a s s o c ia te d .
Another mechanism f o r  su p p ly in g  a d d i t io n a l  red  c e l l s  to  
th e  c i r c u la t io n ,  b es id es  th a t  r e l a t i n g  to  th e  bone marrow, must 
now be m entioned, nam ely, th a t  of sp le n ic  c o n tra c tio n .
The sp leen  i s  a r e s e r v o i r  of red  c e l l s  which i t  can d i s ­
charge in to  th e  c i r c u la t io n  under c e r t a in  co n d itio n s  (8 ) , and 
B a rc ro f t and P oo le  (9 ) have shown th a t  i t  can c o n c e n tra te  b lood -  
in  o th e r  w ords, th a t  blood taken  from s p le n ic  pu lp  i s  more 
c o n c e n tra ted  in  red  c e l l s  and haemoglobin th an  b lood tak en  from 
th e  p e r ip h e ra l  c i r c u la t io n  a t  th e  same tim e .
W right (132) s t a t e s  th a t  s p le n ic  c o n tra c tio n  can be shown 
to  occur in  resp o n se  to  oxygen want from any cau se , and i t  is  
in t e r e s t i n g  to  n o te  th e  s ta tem en t of McDowall (89) th a t  c o n tra c ­
t io n  o f th e  organ may be ex p e rim en ta lly  shown to  occur under 
c o n d itio n s  a ls o  of carbon d io x id e  r e te n t io n .
W illiam son (IJO) co n s id e red  th e  e ry th ro c y to s is  o f e x p e ri­
m ental oxygen w ant, to  be due to  s p le n ic  c o n tra c tio n ; and Haxrop 
( 64) was of th e  op in ion  th a t  in  th e  e ry th ro c y to s is  ocouxring  a t 
h ig h  a l t i t u d e s ,  th e  f i r s t  s ta g e , which appeared  ra p id ly  and was
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n o t a tten d ed  by evidence of fo rm ation  of new b lood , was a lso  due 
to  ex p ress io n  of red  c e l l s  from th e  sp leen . In asphyxia, 
Scheunert and B in e t, and t h e i r  r e s p e c tiv e  co-w orkers (quoted by 
B a rc ro ft and Poole (9 ) ) ,  o b ta in ed  an in c re a se  in  red  c e l l s  in  
th e  c i r c u la t i n g  blood, and no ted  th a t  in  th e  m a jo rity  of th e  
c a s e s ,th e  po lycythaem ia occurred  in  normal an im als, but not in  
sp len ec to m ised  an im als.
I t  i s  suggested , from th e  fo re g o in g  evidence of sp le n ic  
fu n c tio n  in  r e l a t io n  to  oxygen w ant, th a t  i f  an in c re a se  in  red 
c e l l  count observed in  th e  c a p i l l a r y  blood in  co n g estiv e  h e a r t  
f a i l u r e  is  r e la te d  to  an a c tu a l  e ry th ro c y to s is ,  th e  sp leen  may 
p la y  a p a r t  in  fu rn is h in g  some of th e  a d d i t io n a l  e ry th ro c y te s , 
p o s s ib ly  f o r  more immediate req u irem en ts , o r in  th e  e a r l i e r  
s ta g e s , b e fo re  th e  bone marrow has p ro p e r ly  assumed i t s  r o le .
I t  may be of in te r e s t  to  m ention th e  rece n t experim ents 
o f Brednow, quoted by O o ld b la tt ( 54) on th e  in f lu e n c e  of CO2 
on blood volume. E stim atio n s  of plasm a and e ry th ro c y te  volume 
were c a r r ie d  out b efo re  and a f t e r  b re a th in g  m ix tu res , c o n ta in ­
ing  h igh  COg p e rc e n ta g e s , and i t  was found th a t  a s h i f t  in  
blood r e a c t io n  to  th e  a c id  s id e  le d  t o  an in c re a se  in  c i r c u la t in g  
plasm a and red  c e l l s ,  and th a t  under th e s e  c o n d itio n s , th e  venous 
blood p re s s u re  ro se .
As in  c a rd ia c  f a i l u r e  w ith  venous co n g es tio n , th e  te n s io n  of 
COg ten d s  to  be in c reased  in  th e  t i s s u e s ,  and th e  venous p re s su re  
t o  be r a i s e d ,  th e  in c re a se  in  red  c e l l s  may a ls o  be r e la te d ,  as 
th e  above experim ents appear to  su g g e s t, to  in c re a se d  carbon
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d io x id e , w ith  which s p le n ic  c o n tra c t io n , acco rd in g  to  th e  s t a t e ­
ment of McDowall (89) would a lso  appear to  he in  k eep ing . How­
ev e r, th e  t o t a l  hlood volume, as p re v io u s ly  m entioned, would 
re q u ire  to  he e s tim a ted  to  show th a t  th e  in c re a se  in  number of 
red  c e l l s  was r e a l l y  in  th e  n a tu re  o f an a b so lu te  polycythaem ia.
To sum up, as t o t a l  hlood volume was no t e s tim a ted , th e  
r e s u l t s  of t h i s  in v e s t ig a t io n  can only  confirm , from th e  evidence 
o f r a is e d  red  c e l l  co u n ts , and d im in ished  plasm a volume -  th e  
l a t t e r  o b ta in ed  from th e  h aem ato crit -  th a t  as s ta te d  in  th e  
l i t e r a t u r e ,  a  r e l a t i v e  in c re a se  in  th e  number of re d  c e l l s  has 
o ccu rred  in  th e  p e r ip h e ra l  c a p i l la ry  blood in  co n g es tiv e  h e a r t  
f a i l u r e .  The e x te n t of such  a r e l a t i v e  po lycythaem ia w i l l  no 
doubt depend on th e  degree of red u c tio n  in  c i r c u la t io n  r a t e ,  
which w i l l  vary  w ith  th e  s e v e r i ty  of th e  c i r c u la to r y  f a i l u r e .
I t  was, in  f a c t ,  found th a t  in  cases  w ith  le s s  sev ere  degrees 
of h e a r t  f a i l u r e  -  where th e re  i s  presum ably le s s  p ro p o r tio n a te  
s low ing  of th e  c i r c u la t io n  -  norm al re d  c e l l  coun ts, o r  coun ts 
on ly  s l i g h t ly  above norm al, were o b ta in ed .
W hile t h i s  in v e s t ig a t io n  confirm s th e  occurrence  o f a  r e l a ­
t i v e  o r  apparen t po lycy thaem ia in  th e  p e r ip h e ra l  b lood , i t  i s  
n e v e r th e le s s  su g g ested  th a t  an e ry th ro c y to s is  may a lso  have o ccu rred  
in  co n g e s tiv e  h e a r t  f a i l u r e  -  e s p e c ia l ly  i n  th o se  c a ses  w ith  red  
c e l l  coun ts  over 6 ,000,000 p e r  c.mm. -  in  r e la t io n  to  oxygen want 
and cyanosis , w hich would be in  keep in g  w ith  s ta tem en ts  in  th e  
l i t e r a t u r e  th a t  such an e ry th ro c y to s is  f re q u e n tly  occurs in  a s so ­
c ia t io n  w ith  th e  cyanosis  o f f a i l i n g  c i r c u la t io n .
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Under such c o n d itio n s , i t  is  suggested  th a t  th e  sp leen , as  
w e ll as  th e  hone marrow, has p robab ly  p lay ed  a  p a r t  in  su p p ly in g  
a d d i t io n a l  r e d  c e l l s  to  th e  c i r c u la t io n .
R egarding th e  p o in t th a t  th e  haemoglobin p e rce n tag e s  have, 
g e n e ra lly  speak ing , no t been in c reased  to  th e  same ex ten t as  th e  
red  c e l l  coun ts  in  co n g es tiv e  h e a r t f a i l u r e ,  t h i s  i s  to  some 
ex ten t in  k eep in g  w ith  th e  f a c t  th a t  in  po lycy thaem ia , i t  is  
u su a l f o r  th e  haemoglobin to  be in c re a se d  to  a  l e s s  degree than  
th e  number of re d  c e l l s ,  which French (51) s t a t e s  a p p lie s  to  
a l l  causes of po lycy thaem ia.
W hile t h i s  may apply  to  th o se  ca ses  where in c re a se d  haemo­
g lo b in  p e rc e n ta g e s  above normal were found to  accompany re d  c e l l  
co u n ts  in  th e  neighbourhood of 6 ,000 ,000  p e r  c.mm. and over, i t  
may not ex p la in  th e  d i s p a r i ty  between haemoglobin and re d  c e l l s  
observed  in  c a se s  where th e  coun ts were in c re a se d  above norm al, 
a lth o u g h  no t amounting to  6 ,000,000 p e r  c.mm., but where th e  
haem oglobin p e rce n tag e s  were no t co rresp o n d in g ly  in c re ased  above 
th e  average norm al v a lu e .
A suggested  ex p lan a tio n  fo r  t h i s  f e a tu r e  o f r e l a t iv e ly  h ig h  
red  c e l l  counts compared to  th e  haemoglobin p e rc e n ta g e s , i s  given 
by Ashe (7 ) p re v io u s ly  m entioned in  th e  l i te r a tu re ,w h o  in c lu d ed  
k id n ey  fu n c tio n  in  h is  s tu d y  of blood co u n ts in  co n g es tiv e  h e a r t  
f a i l u r e ,  and r e l a t e d  th e  d i s p a r i ty  between haemoglobin and re d  
c e l l s  to  th e  f a c t  th a t  th e  form er was ap p a re n tly  more p ro p o rtio n a l 
to  th e  a s s o c ia te d  impairment of r e n a l  fu n c tio n  -  and th e  tendency 
to  anaemia th e re fro m  -  th a n  th e  red  c e l l s  whioh by reaso n  of
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p e r ip h e ra l  s t a s i s ,  were in  many cases  r e l a t iv e l y  h igh . He 
showed th a t  such re n a l fu n c tio n  impairment may occur in  pure 
c a rd ia c  ca ses  w ith  decom pensation -  in  o th e r  w ords, a p a rt from 
a c tu a l  r e n a l  le s io n s .  The re n a l  d y sfu n c tio n  in  th e  ca rd iac  
ca se s  would no doubt be due to  c i r c u la to r y  in s u f f  ic ien cy  and 
p a s s iv e  co n g es tio n . Ashe concluded th a t  th e  ty p e  of blood 
count which u s u a lly  c h a ra c te r is e d  co n g estiv e  m yocard ial f a i l u r e ,  
was one in  which th e  number of re d  c e l l s  was r e l a t i v e l y  h igh  com­
p a red  to  th e  haemoglobin p e rce n tag e , so th a t  th e  co lo u r index 
ten d ed  to  g ive a low v a lu e .
The r e s u l t s  of t h i s  in v e s t ig a t io n  a r e ,  to  some e x te n t,  in  
agreement w ith  th o se  o b ta in ed  by Ashe, in  so f a r  as many of th e  
ca ses  e x h ib ite d  in c re a se d  red  c e l l  coun ts above normal in  a sso ­
c ia t io n  w ith  haemoglobin p e rcen tag es  th a t  were no t in c re ased  
above th e  average v a lu e  f o r  th e  norm al in d iv id u a ls . In  some of 
th e s e  ca se s , in  f a c t ,  th e  haemoglobin p e rcen tag e  was below t h i s  
value* N ev e rth e le s s , a  sm all number of cases was found to  
e x h ib it  in c reased  haemoglobin v a lu es  above norm al, to g e th e r  w ith  
r a is e d  e ry th ro c y te  co u n ts , a lthough  th e  l a t t e r  were p ro p o r t io n a te ly
more in c re a se d  th an  th e  form er. These cases co n p rised  p a t i e n t s
w ith
w ith  m it r a l  s te n o s is ,  an d /ch ro n ic  b ro n c h i t is  and emphysema, and 
were th e  ca ses  p re v io u s ly  m entioned as  having coun ts which ranged 
from 6 ,000 ,000  to  7 ,000,000 re d  c e l l s  p e r  o.mm.
I t  shou ld  be n o te d , however, th a t  a  polycythaem ic blood count 
o f haem oglobin as w e ll a s  of red  c e l l s ,  was no t an in v a r ia b le  r u le  
in  c a se s  of co n g estiv e  h e a r t  f a i l u r e  secondary  to  m it r a l  s te n o s is
o r a s so c ia te d  w ith  ch ro n ic  b ro n c h i t i s  and emphysema, a lthough  
an in c re a se  of red  c e l l s  was u su a lly  p r e s e n t .
Ashe ( 7 ) found r e l a t iv e ly  h igh  red  c e l l  coun ts to  be p re se n t 
even in  cases  of c a rd ia c  f a i l u r e  o c c u rr in g  in  th e  cou rse  o f 
ch ro n ic  n e p h r i t i s ,  where m oderate, o r in  some c a se s , marked 
impairment of r e n a l fu n c tio n  was dem onstra ted , a lth o u g h  s im ila r  
deg rees of d im inu tion  in  kidney fu n c tio n  from uncom plicated  
B r ig h t 's  d is e a s e ,  o r  such c o n d itio n s  as  p o ly c y s tic  k idney and 
nephrectomy were in v a r ia b ly  a s s o c ia te d  w ith  a f a i r l y  w ell-m arked 
secondary anaem ia, c h a ra c te r is e d  by d im inu tion  in  th e  number of 
red  c e l l s  as w e ll  in th e  haemoglobin p e rc e n tag e .
In  th e  two ca ses  of ch ro n ic  i n t e r s t i t i a l  n e p h r i t i s  and 
secondary  co n g e s tiv e  h e a r t  f a i l u r e  s tu d ie d  in  t h i s  work, h igh  
red  c e l l  coun ts were a lso  o b ta in ed , th e  count in  one case -  
w here, however, ch ro n ic  b ro n ch itiB  and emphysema were a lso  
p re s e n t -  am ounting to  over 6 ,000,000 red  c e l l s  p e r  c.mm.
In a  few c a se s , however, w ith  a  marked degree of re n a l 
Inadequacy, Ashe d id  o b ta in  low v a lu e s  f o r  re d  c e l l  count and 
haemoglobin p e rc e n ta g e , due, in  h is  o p in io n , to  th e  f a c t  t h a t ,  
in  s p i t e  o f th e  co n g estio n  a s s o c ia te d  w ith  th e  c a rd ia c  f a i l u r e ,  
th e  anaemia o f th e  marked r e n a l  le s io n  p layed  th e  p r in c ip a l  p a r t  
in  th e  blood p ic tu r e .
I t  i s  co n s id e red  th a t  in c re a se  in  impairment o f r e n a l fu n c ­
t io n  may s im i la r ly  h e lp  to  ex p la in  th e  a p p a re n tly  e x c e p tio n a l 
d im in u tio n  in  e ry th ro c y te  count and haemoglobin p e rcen tag e  observed 
w ith  in c re a se  in  th e  h e a r t f a i l u r e  in  Case 37 t h i s  in v e s t ig a t io n , 
th e  p a t ie n t  w ith  ch ron ic  parenchym atous n e p h r i t i s  and secondary 
c a rd ia c  f a i l u r e .  The su g g es tio n  th a t  th e  blood changes in  t h i s
c a se , a t th e  tim e of th e  second exam ination , re p re se n te d  an 
anaemia dependent on a g r e a te r  degree of d im inu tion  in  kidney 
fu n c tio n , i s  supported  by th e  f a c t  th a t  th e  b lo o d -u rea  con ten t 
a t  t h i s  s ta g e  was found to  be 124 mg. p e r  c e n t . ,  w h ile  a t  th e  
tim e of th e  f i r s t  o b se rv a tio n , i t  was 72 mg. p e r  c e n t. I t  
should  be s ta te d ,  in  connection  w ith  t h i s  p a r t i c u l a r  p a t i e n t ,  
th a t  a lthough  she had re n a l  symptoms and u re a  r e te n t io n ,  she 
was c l i n i c a l l y  a case  of h e a r t  f a i l u r e .
With in c re a se  in  s e v e r i ty  of th e  c a rd ia c  f a i l u r e ,  i t  was 
a p p a re n tly  more u s u a l, as shown by th e  r e s u l t s  in  t h i s  in v e s t i ­
g a tio n , f o r  th e  blood to  e x h ib it  an in c re a se  in  red  c e l l  coun t, 
and, to  a  l e s s  deg ree , in  haemoglobin p e rcen tag e  -  th a t  i s ,  to  
r e t a in  th e  c h a r a c te r i s t i c  f e a tu re s  o f th e  b lood  count in  conges­
t i v e  h e a r t f a i l u r e  -  in  s p i t e  o f  th e  f a c t  th a t  w ith  in c re a se d  
co n g estio n  more impairment of r e n a l  fu n c tio n  might lo g ic a l ly  be 
expected . N e v e rth e le ss , th e  case of ch ro n ic  parenchym atous 
n e p h r i t i s  and secondary c a rd ia c  f a i l u r e  r e f e r r e d  to  above, showed 
th a t  i t  i s  ap p a re n tly  p o s s ib le  fo r  th e  b lood, a t  a  s tag e  when 
th e re  i s  more marked r e n a l  inadequacy, to  e x h ib it  th e  f e a tu re s  
more in  k eep in g  w ith  th e  l a t t e r  th an  w ith  c a rd ia c  f a i l u r e ,  and to  
be c h a ra c te r is e d  by a  d im in u tio n  in  bo th  th e  number o f re d  c e l l s  
and th e  haemoglobin p e rc e n ta g e .
Apart from t h i s  case  of parenchym atous n e p h r i t i s  and secondary  
h e a r t  f a i l u r e ,  a  sm all number of c a ses  was found to  e x h ib it  b lood 
changes of th e  “secondary anaem ia” ty p e  -  th a t  i s ,  c h a ra c te r is e d  
by a  r e l a t i v e l y  g re a te r  d im in u tio n  in  haem oglobin p e rcen tag e  th an
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in  red  c e l l  count -  in  th e  s ta g e  of h e a r t f a i l u r e  w ith  co n g estio n . 
E xcluding  th e  cases  e x h ib i t in g  gross oedema, which re q u ire  s p e c ia l  
m ention, th e s e  blood changes were p re se n t in th e  th re e  p a t ie n t s  
w ith  in f e c t iv e  e n d o c a rd it is  and c a rd ia c  f a i l u r e ,  and in  fo u r  
p a t i e n t8 w ith  a o r t ic  r e g u r g i ta t io n  and f a i l u r e  of com pensation.
The anaemia was most severe  in th e  ca ses  of in fe c t iv e  endocar­
d i t i s ,  where th e re  was p a r t i c u la r ly  a marked d im in u tio n  in  haemo­
g lo b in  p e rc e n ta g e , and low co lo u r in d ic e s . F u rth e r , one of th e  
cases  showed th a t  th e  anaemia tended to  be p ro g re ss iv e  in  ch a ra c te r. 
In  d e s c r ib in g  in f e c t iv e  e n d o c a rd it is ,  French (53) w r i te s :  ”The
occurrence of a p ro g re s s iv e  anaemia in  chron ic  h e a r t  cases always 
a ro u ses  su sp ic io n  of fu n g a tin g  o r in f e c t iv e  e n d o c a rd it is ;  most 
ca ses  of fu n g a tin g  e n d o c a rd itis  p re se n t symptoms of f a i l i n g  com­
p e n s a tio n  which a re  o f te n  very  d i f f i c u l t  to  d is t in g u is h  from th o se  
due to  th e  m echanical e f f e c t s  of ch ro n ic  v a lv u la r  d is e a s e , so th a t  
i t  i s  o f te n  d i f f i c u l t  to  d is t in g u is h  a h e a r t case  w ithou t f u n g a t in g e  
d o c a r d i t i s  from one in  which fu n g a tin g  e n d o c a rd it is  has supervened .”
In such c a se s , th e re fo r e ,  th e  ev idence su p p lie d  by th e  blood 
count such as above d e sc r ib e d , would arouse su sp ic io n  of in f e c t iv e  
e n d o c a rd it is ,  e s p e c ia l ly  i f  t h i s  evidence was supplem ented by such 
c l i n i c a l  phenomena as p e te c h ia l  haem orrhages in  th e  s k in , e n la rg e ­
ment of th e  sp le e n , h aem atu ria , and p y re x ia  no t exp la in ed  by 
in te r c u r r e n t  in fe c t io n .  The p resen ce  of m icro-organism s in  th e  
b lood , as a  r e s u l t  of c u l tu r a l  exam ination , would, of co u rse , 
s e t t l e  th e  d ia g n o s is .
I t  was n o te d  t h a t ,  in  s p i t e  of w ell-m arked s ig n s  of pulmonary
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c o n g e s tio n , cyanosis  was not p re se n t in  two of th e  cases of 
in f e c t iv e  e n d o c a rd itis  and c a rd ia c  f a i l u r e  s tu d ie d  in  t h i s  work, 
and was only very  s l ig h t  in  th e  rem aining  ca se .
Anaemic p a t ie n t s  a re  known to  e x h ib it  le s s  tendency to  
cy an o sis  th an  in d iv id u a ls  w ith  a normal amount of haem oglobin, 
and in  one of th e  above-m entioned th re e  cases th e  haemoglobin 
p e rce n tag e  (31 p e r  c e n t .)  has p robab ly  been to o  low, acco rd in g  
to  th e  o b se rv a tio n s  of Lundsgaard (83) to  r a i s e  th e  amount of 
reduced haem oglobin above th e  th re sh o ld  fo r  cy a n o s is .
The blood changes in th e  fo u r  cases  of a o r t i c  r e g u rg i ta t io n ,  
p re v io u s ly  r e f e r r e d  to ,  were th o se  of a m oderate secondary anaemia, 
w ith  a s l i g h t  red u c tio n  in  th e  number of e ry th ro c y te s  and a r e l a ­
t i v e ly  g re a te r  d im inu tion  in  haem oglobin p e rce n tag e . G ulland and 
G oodall (58) have s ta te d  th a t  th e  red  c e l l  count i s  not u s u a lly  
r a is e d  in  a o r t i c  r e g u rg i ta t  ion w ith  f a i l u r e  of compensat ion, w ith  
which th e  r e s u l t s  in  th e se  fo u r  cases  a re  a p p a re n tly  in  agreem ent.
Another case  of a o r t i c  r e g u rg i ta t io n  w ith  f a i l u r e  of com­
p e n sa tio n  in  t h i s  work (Ho. 39), a ls o  had a d im in ished  e ry th ro ­
cy te  count and haemoglobin p e rce n tag e , but th i s  case is  n o t 
in c lu d ed  in  th e  above-m entioned group, because g ro ss  oedema was 
p re s e n t ,  to  which th e  d im in u tio n  in  haem oglobin and red  c e l l s  
appeared  to  be r e la te d .  T his i s  a  p o in t to  which subsequent 
re fe re n c e  i s  made. However, even a f t e r  marked d iu r e s i s ,  w ith  an 
a s s o c ia te d  in c re a se  in  th e  number of c e l l s  and in th e  haemoglobin 
p e rc e n ta g e , th e  p e r ip h e ra l  c a p i l la ry  blood s t i l l  e x h ib ite d  a 
m oderate secondary anaem ia.
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I t  would ap p ear, however, th a t  Gulland and G oodall’s s t a te ­
ment re g a rd in g  th e  blood count in  a o r t ic  r e g u rg i ta t io n  w ith  
f a i l u r e  of com pensation, does not apply  to  a l l  c a se s , f o r  one 
such case  in  t h i s  work (Case 49 ) was found to  e x h ib i t ,  in  th e  
s ta g e  of c a rd ia c  f a i l u r e  w ith  co n g es tio n , a  s l ig h t  r i s e  in  red  
c e l l  count above th e  average normal v a lu e  of approxim ately
5 , 000,000  p e r  c.mm. In a d d i t io n , even in  th e  p re v io u s ly  m entioned
(No. -J6) s l i g h t
group of fo u r  c a se s , one case/snow ed a / r i s e  in  e ry th ro c y te  count 
w ith  in c re a se  in  s e v e r i ty  of c a rd ia c  in s u f f ic ie n c y . The in c re a se  
in  th e  number of red  c e l l s  in  th e  p e r ip h e ra l  blood in  t h i s  case 
i s  p robab ly  due to  a g re a te r  degree of p a s s iv e  co n g estio n  o f th e  
subcutaneous c i r c u la t io n  o c c u rr in g  in  th e  more advanced s ta g e  of 
decomp ensat io n .
A sso c ia ted  w ith  th e  u su a l absence of po lycythaem ia in  a o r t i c  
ca ses  i s  no doubt th e  f a c t  th a t  cy an o sis  i s ,  as a  r u le ,  not a  
prom inent c l i n i c a l  f e a tu r e .  Lundsgaard and Tan Slyke (84 ) , 
commenting on cy an o sis  in  a o r t i c  r e g u r g i ta t io n ,  s t a t e  th a t  t h i s  
o ccurs on ly  in  th e  more advanced s ta g e s  of decom pensation, when 
c a rd ia c  in s u f f ic ie n c y  i s  very  pronounced, a s  th e  lu n g s  a re  not 
u s u a l ly  involved  in  th e  f i r s t  s ta g e s ,  and i t  i s  very  d i f f i c u l t  
f o r  a  d ec reased  m inute volume ou tpu t o f th e  h e a r t  a lo n e  to  
cause c y a n o s is , th rough  in c re a se d  oxygen consum ption in  th e  
t i s s u e s ,  u n le s s  re in fo rc e d  by much s t a s i s .
W hile th e  re d  c e l l  coun ts a re  no t u s u a lly  r a is e d  in  pu re  
a o r t i c  in s u f f ic ie n c y  w ith  f a i l u r e  of com pensation t h i s  in v e s t ig a ­
t io n  has shown th a t  when th e  a o r t i c  v a lv u la r  le s io n  was
a s s o c ia te d  w ith  a c o -e x is t in g  ch ron ic  pulmonary a f f e c t io n ,  such 
as ch ro n ic  b ro n c h it is  and emphysema, o r  when i t  was combined 
w ith  m it r a l  s te n o s is ,  r a is e d  e ry th ro c y te  counts were g e n e ra lly  
th e  r u le .  These ca ses  have a lso  e x h ib ite d  more marked cy an o sis , 
no doubt due in  p a r t  to  th e  e a r l i e r  involvem ent of th e  lu n g s , 
th rough  in c re a se d  p re s su re  in  th e  pulmonary c i r c u la t io n  from th e  
n a tu re  of th e  a s s o c ia te d  le s io n s .
With reg a rd  to  th e  cases w ith  g en e ra liz e d  oedema ( in c lu d in g  
th e  p re v io u s ly  m entioned case  of a o r t ic  r e g u r g i ta t io n  -  No. 3 9 ), 
where d im in ished  red  c e l l  coun ts and haemoglobin p e rcen tag es  were 
p re se n t in  th e  markedly oedematous s ta g e  and an in c re a se  in  count 
and in  haemoglobin p e rcen tag es  c h a ra c te r is e d  subsidence of oedema 
fo llo w in g  a good d iu r e s i s ,  S tra u ss  and Beckmann (b o th  quoted by 
Loeb ( 8 l ) ) ,  s t a t e  th a t  hydraem ia, o r d i lu t io n  of th e  b lood, may 
occur in  c e r ta in  s ta g e s  of c a rd ia c  oedema. In d e te rm in in g  th e  
p resen ce  of hydraem ia Loeb (82 ) a t ta c h e s  g rea t v a lu e  to  v a r ia t io n s  
in  th e  e ry th ro c y te  coun t, which he c o n s id e rs  to  be more r e l i a b le  
th a n  v a r ia t io n s  in  th e  plasm a p r o te in s .
The f ig u re s  f o r  red  c e l l  count and haemoglobin p ercen tag e  in  
th e  oedematous s ta g e  of th e  above-m entioned c a se s , would th e re fo r e  
re p re se n t r e l a t i v e  d im in u tio n s , and be a s s o c ia te d  w ith  a  c o n d itio n  
of hydraem ia. The d im in ished  blood v is c o s i ty  found in  th e se  cases  
would a ls o  be in  keep ing  w ith  a d i lu te d  b lood (58) (6 9 ). That th e s e  
a re  r e l a t i v e  re d u c tio n s  may be seenbyP?he^rap !d  in c re a s e  in  co u n t, 
haemoglobin and v is c o s i ty ,  fo llo w in g  d eh y d ra tio n  w ith  d iu r e t i c s .
The a s s o c ia t io n  of m oderate, and in  two c a se s , of marked 
oedema w ith  in c re a se d  red  c e l l  counts above norm al, has a lre ad y
been m entioned. These cases  a ls o  had ra is e d  v a lu es f o r  blood 
v is c o s i ty .
I t  should  be s ta te d  th a t  a  hydraem ic change in  th e  composi­
t io n  of th e  b lood does not n e c e s s a r i ly  mean hydraemic p le th o ra ,  
w ith  in c re a se  in  blood volume. De Wesselow (33) s t a t e s  th a t  th e  
b lood volume in  hydraem ia i s  u n a l te re d  o r d im in ished , and th a t  
th e  p resen ce  of a  t r u e  hydraem ic p le th o ra  in  c a rd ia c  hydraem ia 
i s  u n c e r ta in . Rowntree and Brown (119 ) , however, dem onstrated  
in c re a se d  blood volume d u rin g  th e  s tag e  of oedema in  some ca ses  
of c a rd ia c  d is e a s e , and B olton (14 ) , . i n  experim en ta l p a ss iv e  
co n g e s tio n , a lso  n o ted  th e  occurrence, a t one s ta g e , of a 
hydraem ic p le th o ra  in  th e  v e s s e ls .
However, w h ile  from a study  of th e  v a r ia t io n s  in  red  b lood 
c e l l  counts and haemoglobin p e rce n ta g e s  in  some cases  in  t h i s  
in v e s t ig a t io n ,  e x h ib it in g  marked g en e ra l d ropsy , a  c o n d itio n  of 
hydraem ia may be presumed to  have been p re se n t in  th e  oedematous 
s ta g e , no co n c lu sio n s can be drawn as to  th e  p resen ce  o f a  
hydraem ic p le th o ra .
W ith reg a rd  to  th e  haem oglobin co n ten t of th e  in d iv id u a l 
red  c e l l s  in  th e  p e r ip h e ra l  c i r c u la t io n  in  co n g estiv e  h e a r t 
f a i l u r e ,  th e  r e s u l t s  in  t h i s  in v e s t ig a t io n  in d ic a te  t h a t ,  on th e  
av e rag e , t h i s  i s  somewhat low er than  norm al. T h is , to  some 
e x te n t,  confirm s th e  o b se rv a tio n  of Ashe ( 7 ) th a t  co n g estiv e  
h e a r t f a i l u r e  is  c h a ra c te r is e d  by a low co lo u r index.
While due in  a  few ca se s  to  blood changes of a "secondary  
anaemia" ty p e , t h i s  tendency to  a low co lo u r index i s  m ostly  due
to  th e  f a c t  th a t  &8 p re v io u s ly  commented on, th e  haemoglobin 
p e rce n tag e s  in  co n g estiv e  h e a r t  f a i l u r e  axe p ro p o r tio n a te ly  
l e s s  in c reased  th an  th e  red  c e l l  co u n ts , t h e i r  v a lu es  in  some 
ca se s  being  r e l a t i v e ly  low compared to  th e  high red  c e l l  co u n ts .
With improvement from co n g estiv e  h e a r t f a i l u r e ,  th e  co lo u r index 
tended  to  show a  s l ig h t  in c re a se  in  v a lu e , which depended on th e  
f a c t  th a t  th e  d ec rease  in  re d  c e l l  count under th o se  c o n d itio n s , 
occu rred  to  a g re a te r  ex ten t th an  th a t  in  haemoglobin p e rce n tag e .
Some comment may now be made on th e  q u es tio n  m entioned in  th e  
p rev io u s  s e c t io n , as to  w hether th e  in c re a se  in  s iz e  of red  c e l l s  
f re q u e n tly  observed  in  th e  p e r ip h e ra l  c a p i l l a r y  blood in  sev ere  
co n g estiv e  h e a r t f a i l u r e ,  is  analogous to  th e  co rp u scu la r  e n la rg e ­
ment found by- Vaquez (124) to  occur in  c a rd ia c  cases  w ith  
ch ron ic  c y an o sis , c o n s is t in g  c h ie f ly  of co n g e n ita l h e a r t d is e a s e , 
where th e  enlargem ent was regarded  as a d e fen s iv e  re a c tio n  a g a in s t 
anoxaemia. I t  i s  a p p ro p r ia te  to  m a k e  t h i s  comment a t  t h i s  s ta g e , 
a s  i t  invo lves an o th er p re v io u s ly  m entioned p o in t ,  namely, the  
r e la t io n s h ip  of th e  s iz e  o f th e  e ry th ro c y te s  to  t h e i r  co n ten t o f 
haem oglobin, th e  s ig n if ic a n c e  of which has no t y e t been r e f e r r e d  to .
Vaquez’s p r in c ip a l  f in d in g s  may be d e sc rib ed  ag a in , in  o rd e r 
to  see how th ey  oompare w ith  th o se  o b ta in ed  in  t h i s  in v e s t ig a t io n .  
Vaquez (124) found th a t  in  h is  c a se s , th e  p ro g re s s iv e  in c re a se  in  
s iz e  of th e  e ry th rocy teB  was a  phenomenon which d id  no t occur a t 
th e  same tim e as th e  in c re a se  in  number of th e  c o rp u sc le s ,
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polycythaem ia be in g  u su a lly  w e ll e s ta b lis h e d  b efo re  th e  co rp u sc les  
began to  grow in  s iz e .  When th e  co rp u scu la r  enlargem ent was
R egard ing  th e  r e la t io n s h ip  between th e  s iz e  of th e  e ry th ro ­
c y te s  and t h e i r  co n ten t of haem oglobin, Vaquez made th e  im portant
o b se rv a tio n  th a t  an in c re a se  in  th e  l a t t e r  accompanied th e  in c re a se  
in  s iz e  of th e  c e l l s ,  so th a t  th e  o v e r-s iz e d  e ry th ro c y te  c a r r ie d  
a h igh  complement of haem oglobin. “Le g lobu le  rouge," he w r i te s ,  
" e s t ,  a  l a  longue, charge d 'u n e  quant i t  e p lu s  co n s id e rab le  
d ’hem oglobine, en meme temps que son volume s ’a c c r o i t ."
I t  would appear th a t  in  th e se  c a se s  of c o n g e n ita l h e a rt 
d is e a se  w ith  lo n g -s ta n d in g  cy a n o s is , th e  slow ly p ro g re ss iv e  
enlargem ent of th e  red c o rp u sc le s , accompanied by co rresp o n d in g  
in c re a se  in  t h e i r  in d iv id u a l haemoglobin c o n te n t, i s ,  fo llo w in g  
th e  in c re a se  in  t h e i r  numbers, a  f u r th e r  attem pt on th e  p a r t  of 
n a tu re  to  combat th e  anoxaemic p ro c e s s , and in c re a se  th e  r e s p i r a ­
to ry  c a p a c ity  o f th e  blood.
As to  th e  n a tu re  of t h i s  ty p e  of co rp u sc u la r  en largem en t, 
a s s o c ia te d  w ith  in c re a se  in  haemoglobin c o n te n t, Capps (22 ) has 
observed  th a t  m acrocytes r ic h  in  haem oglobin can only r e s u l t  from 
b io t i c  f a c to r s  -  th a t  i s ,  f a c to r s  concerned w ith  th e  growth and 
development o f th e  c e l l s .  Vaquez (125) in  “D iseases  of th e  
H eart" s t a t e s  th a t  th e  blood in  th e  type  o f c a rd ia c  case  above- 
m entioned (124), -  namely, th a t  a s s o c ia te d  w ith  ch ron ic  
cy an o sis  -  c o n ta in s  no n u c le a te d  red  c e l l s  or m yelocy tes, and
e v e n tu a lly  p re s e n t ,  th e  average d iam ete rs  u su a lly
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th e re fo re  su g g ests  th a t  th e  abno rm ality  in  s iz e  of th e  red  c e l l s  
found in  such cases  should  be c a l le d  a “c e l lu l a r  hypertro p h y ", 
which, in  o th e r  w ords, in d ic a te s  an in c re a se d  development of th e  
norm al e ry th ro c y te .
The f a c t s  em erging from th e  r e s u l t s  ob ta ined  in  t h i s  work 
in  co n g estiv e  h e a r t  f a i l u r e  show im portant d if fe re n c e s  from th o se  
em erging from Vaquez18 r e s u l t s .
A more ra p id  in c re a se  in  th e  s iz e  of in d iv id u a l red  c e l l s  
has ap p a ren tly  o ccu rred  in  co n g estiv e  h e a r t  f a i l u r e  -  as seen 
from  a  study  of cases e x h ib i t in g  ex ace rb a tio n s  of th e  ca rd iac  
f a i l u r e  -  and t h i s  in c re a se  in  s iz e  was found to  accompany more 
o r l e s s  th e  in c re a se  in  th e  number of th e  c e l l s .  Again, th e  
red  c e l l s  in  co n g es tiv e  h e a r t f a i l u r e  w ere, on th e  w hole, found 
to  be in c re a se d  in  s iz e  to  a  l e s s  degree th an  th o se  in  V aquez's 
c a se s .
An extrem ely  im portant d if fe re n c e  is  a lso  seen in  th e  r e l a ­
t io n s h ip  between th e  s iz e  of th e  red  c e l l s  and t h e i r  haemoglobin 
c o n te n t, in  so f a r  a s  the  l a t t e r  in  co n g estiv e  h e a r t  f a i l u r e  was 
r e l a t i v e l y  low in  r e la t io n  to  th e  o v e r-s iz e d  e ry th ro c y te s . The 
cu rves f o r  volume index and mean d iam eter o f th e  red  c e l l s ,  and 
th o se  f o r  co lo u r index in  F ig u re s  1 , 2 , J  and 4 > have tended  a t 
tim es to  be in v e rse  in  d i r e c t io n ,  and have shown t h a t ,  c o n tra ry  
to  what Vaquez (124 ) observed in  h is  c a se s , no p a r a l l e l  in c re a se  
in  co rp u scu la r  co n ten t of haemoglobin has ap p a ren tly  o ccu rred  in  
a s s o c ia t io n  w ith  th e  in c re a s e  in  s iz e  of th e  c o rp u sc le s .
From th e  fo re g o in g  com parison w ith  V aquez's o b se rv a tio n s  in
c o n g e n ita l h e a r t d is e a s e  w ith  ch ro n ic  cy a n o s is , th e  tendency to  
enlargem ent of red  blood c e l l s  in  co n g estiv e  h e a r t  f a i l u r e  i s ,  
in  my o p in io n , not due to  th e  same p h y s io lo g ic a l mechanism as 
th a t  o p e ra tin g  in  V aquez's c a se s , in  o th e r  w ords, i t  i s  not 
in  th e  n a tu re  of a c e l l u l a r  hypertro p h y , o ccu rrin g  in  response 
to  th e  s tim u lu s  o f oxygen w ant, a lthough  indeed  i t  has f re q u e n tly  
been found to  be p re s e n t to g e th e r  w ith  a  marked degree of cyanosis 
and a  n o tic e a b le  in c re a se  in  th e  number of e ry th ro c y te s .
I t  i s  suggested  th a t  a lthough  th e  two c o n d itio n s  of oxygen 
want and in c re a se  in  carbon d io x id e  e x is t  to g e th e r  in  th e  p e r i ­
p h e ra l c i r c u la t io n  in  co n g estiv e  h e a r t f a i l u r e ,  as a  r e s u l t  of 
low ering  o f th e  c i r c u la t io n  r a te  w ith  i t s  e f f e c t  on t i s s u e  r e s ­
p i r a t i o n ,  th e  method by which th e  organism  a ttem p ts  to  combat 
th e se  d is tu rb a n c e s  i s  d i f f e r e n t  in  each ca se . In  o th e r  w ords, 
w hile  th e  in c re a se  in  th e  number of e ry th ro c y te s  above r e f e r r e d  
to  i s  p ro b ab ly  an a ttem p t to  compensate fo r  th e  anoxaemia, i t  i s  
co n sid ered  th a t  th e  in c re a se  in  s iz e  of red  blood c e l l s  in  th e  
p e r ip h e ra l  blood in  co n g estiv e  h e a r t f a i l u r e  i s  r e la te d  to  th e  
in c re a se d  carbon d io x id e , being  a  phenomenon based , as p re v io u s ly  
d isc u sse d , on th e  p hysico -chem ical laws govern ing  th e  io n ic  
in te rc h an g e  o cc u rr in g  between co rp u sc le s  and plasm a in  th e  
p resen ce  of in c re a se d  c o n c e n tra tio n  of H2CO3.
I t  has been f u r th e r  su g g ested  th a t  th e  in c re a se  in  s iz e  of red  
c e l l s  found to  be p re s e n t in  many cases  of g ross co n g estiv e  f a i l u r e  
re p re s e n ts  evidence o f th e  t r a n s p o r t  by them of more COg and of an 
a ttem p t, th rough  th e  p a r a l l e l  phenomenon of th e  c h lo r id e  s h i f t ,  to  
in c re a se  th e  b u f fe r in g  c a p a c ity  of th e  blood under co n d itio n s  where
th e re  is  a tendency to  acidaem ia from in e f f ic ie n c y  of pulmonary 
v e n t i la t io n  fo r  th e  e lim in a tio n  of COg«
I I I .  V isc o s ity  of th e  Blood.
The evidence brought fo rw ard  by th e  r e s u l t s  in  t h i s  work 
ap p ears f a i r l y  co n c lu siv e  th a t  th e  v is c o s i ty  of th e  blood in  
co n g e s tiv e  h e a r t f a i l u r e  s ta n d s  in  r e la t io n  to  th e  number and 
s iz e  of th e  red  c e l l s .  I t  has no t only  been shown th a t  in c re a se  
in  v is c o s i ty  in  th e  s ta g e  of f a i l u r e  is  a s so c ia te d  w ith  in c re ase  
in  number or s iz e  of th e  e ry th ro c y te s  (b e in g  most marked when 
in c re a se  in  bo th  i s  p re s e n t)  but i t  has a lso  been dem onstrated  
th a t  th e  red u c tio n  in  v i s c o s i ty  w ith  improvement from c a rd ia c  
f a i l u r e ,  and n o ted  a s  o c c u rr in g  a lso  a f t e r  oxygen a d m in is tra tio n , 
and v en e sec tio n , i s  a s s o c ia te d  w ith  c o in c id e n t d im in u tio n  in  
number and s iz e  of th e  c e l l s .
I t  appeared , however, th a t  th e  red  b lood c e l l s ,  a lth o u g h  
known to  p i  Ay an im portant p a r t  in  b lood v is o o s i ty  (121 ), might 
no t be th e  on ly  f a c to r s  re sp o n s ib le  f o r  th e  h y p e rv isc o s ity  of 
co n g e s tiv e  h e a r t f a i l u r e ,  f o r  in  two c a se s  of t h i s  work, where 
n e i th e r  th e  number n o r th e  s iz e  of th e  c o rp u sc le s  was above 
norm al, th e  v is c o s i ty  v a lu es were s t i l l  s l i g i t l y  r a is e d  above 
th e  norm al l im i t .  In t h i s  co n n ec tio n , th e  s ta tem en t o f A llb u tt  
(2 ) may be m entioned th a t  a lthough  th e  co rp u sc le s  have an 
im portan t b e a rin g  on blood v is c o s i ty ,  th e  l a t t e r  cannot be 
measured sim ply by th e  number and s iz e s  of th e  c o rp u sc le s , as 
i t  depends to  a c e r ta in  e x te n t a lso  on th e  s t a t e  o f th e  plasm a,
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a s , f o r  example, on i t s  c o l lo id  c o n te n t.
R egarding th e  v is c o s i ty  of th e  p lasm a, i t  may be m entioned 
th a t  an in c re a se  in  t h i s  a lone  would no t n e c e s s a r i ly  cause an 
in c re a se  in  v is c o s i ty  o f th e  whole b lood , as  th e  l a t t e r  depends 
much more on th e  e ry th ro c y te s . In c re a se  in  plasm a v is c o s i ty  
would n e v e r th e le s s  be an im portan t a d d i t io n a l  f a c to r ,  in  so f a r  
as a  sm a lle r  in c re a se  in  number o r  s iz e  of th e  red  c e l l s ,  would, 
in  th e  p resen ce  of in c re a se d  v is c o s i ty  of th e  plasm a, p robab ly  
be s u f f i c ie n t  to  b r in g  about an in c re a se  in  th e  v is c o s i ty  of 
th e  whole b lood .
H olker (7 1 ) has observed th a t  th e  v is c o s i ty  of th e  serum in  
s y p h i l is  i s  h ig h e r  than  n o rm a l,e sp e c ia lly  in  th e  t e r t i a r y  s ta g e . 
A lthough i t  is  in te r e s t in g  to  n o te  th a t  th e  two ca se s  above 
m entioned -  where a  r e la t io n s h ip  between blood v is c o s i ty  and th e  
number o r  s iz e  of th e  e ry th ro c y te s  was no t d e f in i t e ly  e s ta b lis h e d  -  
were bo th  cases o f s y p h i l i t i c  a o r t i c  r e g u r g i ta t io n ,  i t  i s  d i f f i ­
c u l t  to  a p p re c ia te  how in c re a se  in  plasm a v is c o s i ty  a lone could  
cause an in c re a se  in  v is c o s i ty  of th e  whole b lood, a  s l ig h t  degree 
of which has ap p a re n tly  been p re se n t in  th e s e  c a se s .
I t  i s ,  however, reaso n ab le  to  s t a t e  in  the  l i g h t  o f H olker fs 
o b se rv a tio n s , th a t  where in  c a se s  of co n g estiv e  h e a r t  f a i l u r e  due 
to  s y p h i l i t i c  h e a r t  d is e a s e , some in c re a se  in  number o r s iz e  of 
th e  e ry th ro c y te s  is  p re se n t (even i f ,  as in  Case 4 5 , t h i s  in c re a se  
is  only  a  m oderate on e), in c re a se  in  v is c o s i ty  o f th e  plasm a may 
be an im portan t a d d i t io n a l  f a c to r  in  r a i s i n g  th e  v is c o s i ty  of th e  
whole blood.
Hamburger (quoted  by S a h li ( 121)) has e lu c id a te d  th e  f a c t  
th a t  in  v i t r o , COg in  blood r a i s e s  v is c o s i ty  by in c re a s in g  th e  
s iz e  of th e  red  c e l l s ,  and i t  i s  g e n e ra lly  agreed th a t  -  
ex p erim en ta lly  a t l e a s t  -  b e s id e s  in c re a s in g  th e  c o l lo id  of th e  
plasm a, carbon d io x id e  in  b lood r a is e s  v is c o s i ty  c h ie f ly  th rough 
i t s  a c tio n  in  in c re a s in g  th e  s iz e  of th e  red  c o rp u sc le s . The 
mechanism of enlargem ent of th e  co rp u sc les  -  namely, th e  passage  
of an ions and w ate r in to  them from th e  plasm a -  has been d esc rib e d  
in  an e a r l i e r  s e c tio n  of th e  d is c u s s io n .
The apparen t r e la t io n s h ip  observed in  t h i s  in v e s t ig a t io n  
between th e  in c re a se  in v is c o s i ty  of th e  p e r ip h e ra l  blood and th e  
in c re a se  in  s iz e  o f th e  red  c e l l s ,  su g g ests  th a t  in  co n g estiv e  
h e a r t f a i l u r e ,  where w ith  in c re a se d  v e n o s ity  of b lood in  th e  
t i s s u e s ,  th e  carbon d iox ide  p re s su re  of th e  c a p i l la ry  and venous 
blood ten d s to  be r a is e d , a  f a c to r  in  th e  h y p e rv isc o s ity  i s  th e  
in c re a se d  COg, to  which i t  i s  co n sid ered  th a t  th e  enlargem ent of 
th e  e ry th ro c y te s  has been r e la te d .  The im portance o f t h i s  f a c to r  
in  v ivo  w i l l ,  however, depend on th e  e x te n t of accum ulation  of 
COg in  th e  p e r ip h e ra l  blood (c o n tro l le d  by th e  ex ten t to  which 
s t a s i s  occu rs in  th e  system ic c a p i l l a r i e s ) ,  and a lso  on th e  
ex ten t to  which such accum ulation  is  co u n tex ac ted  by e lim in a tio n  
of OOg th rough  th e  lu n g s , to  which f a c to r s ,  as  p re v io u s ly  sug­
g e s ted , th e  enlargem ent of th e  c o rp u sc le s  i s  r e la te d .
W hile, th e r e fo r e ,  in  some c a se s , th e  blood v is c o s i ty  may be 
m a te r ia l ly  in f lu en c ed  by a  s ig n i f ic a n t  enlargem ent o f th e  red  
c o rp u sc le s  above normal (a p a r t from th e  e f f e c t  o f in c re a se  in
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t h e i r  number) in  o th e r  ca se s  where th e  e ry th ro c y te s  e x h ib it  a 
r e l a t i v e l y  sm a lle r  degree of enlargem ent, o r are  even normal in  
s iz e ,  -  due, i t  i s  co n s id ered , to  r e l a t i v e l y  le s s  accum ulation 
of COg -  th e  im portance of t h i s  f a c to r  may be p ro p o r t io n a lly  
l e s s .  In such c a se s , however, th e  v is c o s i ty  may s t i l l  be r a is e d  
from th e  in f lu e n c e  of in c re a se  in  th e  number of red  c e l l s ,  which 
may eaqplain th e  r a is e d  blood v is c o s i ty  in  Canes 42 and 56 of 
t h i s  in v e s t ig a t io n ,  where normal v a lu es  f o r  volume and d iam eter 
o f th e  c o rp u sc le s  were o b ta in ed .
I t  was n o ted , however, th a t  th e  g re a te r  m a jo rity  of ca ses  
e x h ib it in g  w ell-m arked degrees of h y p e rv isc o s ity  -  v a lu es  f o r  
example ran g in g  from 9*0 to  1 2 .4  -  showed s ig n i f ic a n t  in c re a se s  
in  s iz e  of th e  e ry th ro c y te s  above norm al, as w e ll as in c re a se s  
in  t h e i r  number, su g g e s tin g , in  my o p in io n , th a t  excess of COg 
may f re q u e n tly  p lay  an im portant p a r t  in  th e  h y p e rv isc o s ity  of 
co n g e s tiv e  h e a r t f a i l u r e  th rough  in c re a s in g  th e  s iz e  of th e  
red  b lood c o rp u sc le s .
W hile excess of COg r a i s e s  blood v is c o s i ty ,  which ren d e rs  
th e  blood stream  s lu g g ish , b e t t e r  a e ra t io n  of th e  blood d ec rease s  
i t  (121 ) . A llb u tt  (2 ) s t a t e s  th a t  t h i s  can be r e a d i ly  dem onstrated  
by shak ing  blood in  a i r ,  when a f a l l  in  v is c o s i ty  i s  n o ted  w ith  
o x id a tio n . A llb u tt  f u r th e r  s t a t e s  th a t  a lthough  on th e  mere 
m echanics of pulmonary r e s p i r a t io n ,  i t  may not be always easy to  
ex p la in  th e  b e n e f ic ia l  e f f e c t  of oxygen in h a la t io n  in  c a rd iac  
p a t i e n t 8 w ith  cy an o sis , n e v e r th e le s s  oxygen has a d e f in i t e  com­
f o r t i n g  e f f e c t  on th e  p a t i e n t ,  which he co n s id e rs  to  be due 
p ro b ab ly  to  th e  f a c t  th a t  acce ss  of oxygen fav o u rs  le s s e n in g  of
th e  v i s c id i ty  of th e  b lood, w ith  a consequent tendency f o r  th e  
blood stream  to  become le s s  s lu g g ish .
The o b se rv a tio n s  in  t h i s  work appear to  in d ic a te  th a t  a  
s l ig h t  d im inu tion  in  blood v is c o s i ty  does in  f a c t  occur w ith  
in h a la t io n  of oxygen. The number and s iz e  of th e  red  c e l l s  
were bo th  found to  be in c re a se d  above normal in  th e  ca ses  th a t  
were s tu d ie d  — namely, p a t i e n t s  w ith  sev ere  co n g estiv e  h e a rt 
f a i l u r e  w ith  w ell-m arked secondary pulmonary le s io n s ,  -  in  some 
of whom pulmonary d ise a se  was p re se n t in  a d d itio n  to  th e  h e a r t  
f a i l u r e  -  and th e  e f f e c t  of oxygen was to  cause, in  each ca se , a 
s l ig h t  red u c tio n  in  e ry th ro c y te  coun t, and haemoglobin p e rce n tag e , 
and a ls o  in  volume and d iam eter of th e  in d iv id u a l red  c e l l s .  I t  
was m entioned in  th e  a n a ly s is  of th e  r e s u l t s  th a t  acco rd in g  to  th e  
s ta n d a rd  o f d if f e re n c e s ,  th e  s l ig h t  d im inu tion  in  s iz e  of th e  c e l l s  
o c c u rr in g  w i /^ in h a la t io n  should  probab ly  be d is re g a rd e d . However, 
c o n s id e r in g  th e  f a c t  th a t  oxygenation  of haemoglobin ten d s  to  d r iv e  
out COg from red  co rp u sc les  (7 4 ), i t  i s  co n sid ered  t h a t ,  in  con­
ju n c tio n  w ith  th e  f a l l  in  th e  number of co rp u sc le s  (which confirm s 
th e  o b se rv a tio n  o f von K oranyi (quoted  by A llb u tt ( 2 ) ) ,  a  s l ig h t  
d im in u tio n  has p ro b ab ly  a lso  occurred  in  t h e i r  s i z e ,  which has 
a s s i s te d  in  th e  re d u c tio n  of th e  v is c o s i ty .
R egarding oxygen a d m in is tra t io n , Beaumont and Dodds (1 0 ) 
have p o in te d  out th a t  as a  c a rd io - th e ra p e u tio  m easure, oxygen 
w i l l  only give r e l i e f  i f  pulmonary le s io n s  a re  p r e s e n t ,  and w i l l  
not b e n e f i t  symptoms due to  c i r c u la to r y  s ta g n a tio n . They s t a t e  
th a t  oxygen should  be used in  ca se s  of h e a r t f a i l u r e  accompanied 
by a r t e r i a l  anoxaemia.
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The p a t i e n t s  of t h i s  in v e s t ig a t io n ,  in whom th e  e f f e c t  of 
oxygen was s tu d ie d ,  su f fe re d ,  as p re v io u s ly  s ta te d ,  from pulmonary 
l e s io n s ,  such as congestion  and oedema, secondary to  th e  h e a r t  
f a i l u r e ,  w hile  th re e  of them had in  a d d i t io n  pulmonary d is e a s e ,  
namely, chron ic  b r o n c h i t i s  and emphysema. Although th e  a c tu a l  
a r t e r i a l  oxygen s a tu r a t io n  was not e s t im a ted , i t  may be cons idered  
t h a t  th e  r e l i e f  in  cyanosis  and dyspnoea o cc u rr in g  w ith  th e  
a d m in is t ra t io n  of oxygen, has r e s u l t e d  from improvement in  th e  
accompanying c o n d i t io n  of a r t e r i a l  anoxaemia. Although c h ie f ly  
in f lu e n c in g  a r t e r i a l  o r  anoxic anoxaemia, i t  is  a ls o  p o s s ib le  
t h a t ,  by ren d e r in g  th e  p e r ip h e r a l  blood stream l e s s  s lu g g ish ,  
th rough  th e  s l i g h t  but c o n s is te n t  d im inu tion  in  blood v i s c o s i ty ,  
th e  ad m in iB tra tio n  of oxygen ten d s  to  reduce p e r ip h e ra l  s t a s i s ,  
and so improve, a t  l e a s t  to  a  s l i g h t  e x te n t ,  th e  accompanying 
c o n d i t io n  of s ta g n an t anoxaemia.
W h i l e ,  h o w e v e r ,  r e d u c t i o n  i n  b l o o d  v i s c o s i t y  w i t h  o x y g e n  
a d m i n i s t r a t i o n  h a s  o n l y  b e e n  r e l a t i v e l y  s m a l l ,  a  g r e a t e r  r e d u c ­
t i o n  w i t h  u s u a l l y  a  r e t u r n  t o  v a l u e s  w i t h i n  n o r m a l  l i m i t s ,  h a s  
g e n e r a l l y  b e e n  e x h i b i t e d  i n  c a s e s  w h e r e  r e m o v a l  o f  t h e  h e a r t  
f a i l u r e  o c c u r r e d  w i t h  r e s t  i n  b e d  a n d  t h e r a p e u t i c  m e a s u r e s  a p a r t  
f r o m  o x y g e n ,  a n d  h a s  l e d  t o  w e l l - m a r k e d  c i r c u l a t o r y  i m p r o v e m e n t .  
T h e  g r e a t e r  r e d u c t i o n  i n  v i s c o s i t y  i n  s u c h  c a s e s  w a s  a l s o  a s s o c i a ­
te d  w i t h  m o r e  m a r k e d  d i m i n u t i o n  i n  t h e  n u m b e r  o f  r e d  c e l l s  ( a n d  
i n  t h e  p e r c e n t a g e  o f  h a e m o g l o b i n )  a n d  a l s o  i n  t h e  v o l u m e  a n d  
d i a m e t e r  o f  t h e  i n d i v i d u a l  r e d  c e l l s .
T h e s e  c h a n g e s  i n  t h e  b l o o d  i m p l y  r e m o v a l  o f  t h e  g e n e r a l
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c e l l u l a r  oxygen want and carbon d iox ide  a c id o s is  p re s e n t  in  th e  
t i s s u e s  w ith  c i r c u la to r y  f a i l u r e  and venous co n g es tio n , and the 
red u c t io n  in  s iz e  and number of the  e ry th ro c y te s  no doubt 
m a te r ia l ly  a s s i s t s  in th e  low ering  of th e  blood v i s c o s i t y ,  as  
a  r e s u l t  of which th e  blood stream  i s  forw arded, th e  load  on th e  
h e a r t  is  le s se n e d ,  and a gen e ra l improvement occurs in th e  
p a t i e n t .
A s im i la r  r e l i e f  to  th e  embarrassed and h indered  c i r c u l a t i o n  
i s  no doubt e f f e c te d  by v en e se c t io n ,  which was found to  cause a 
f a l l  in  blood v i s c o s i ty  -  to  a s l i g h t l y  g re a te r  degree than  t h a t  
o c c u rr in g  w ith  th e  a d m in is t ra t io n  of oxygen -  a s s o c ia te d  w ith  
d im inution  in th e  number of red  c o rp u sc le s  and a s l i g h t  d im inu tion  
a lso  in  t h e i r  s i z e .
While a  h igh  blood v i s c o s i t y  i s  a p p a re n tly  f r e q u e n t ly  
p re s e n t  in  co n g es tiv e  h e a r t  f a i l u r e ,  th e  r e s u l t s  in  t h i s  i n v e s t i ­
g a t io n  show th a t  i t  i s  a l s o  p o s s ib le  f o r  th e  v i s c o s i ty  in  con­
g e s t iv e  h e a r t  f a i l u r e  to  be r e l a t i v e l y  lowered in  some cases  
e x h ib i t in g  g e n e ra l  an asa rca , where an a s s o c ia te d  r e l a t i v e  diminu­
t io n  in  th e  number of red  c e l l s  and in  haemoglobin p e rcen tag e , 
su g g es ts  th e  p resen ce  of hydraemia. That under such c o n d i t io n s ,  
th e  v i s c o s i ty  i s  r e l a t i v e l y  lowered i s  shown by th e  f a c t  t h a t  a  
p ro fu se  d iu re s i s ,  w ith  subsidence of oedema, i s  in such cases 
fo llow ed by an ap p a re n tly  r a p id  r i s e  in  v i s c o s i ty ,  to g e th e r  w ith  
a c o in c id e n t  in c re a se  in  e ry th ro c y te  count and haemoglobin 
p e rc e n ta g e .
C h a r a c t e r i s t i c a l l y  low v a lu e s  f o r  b lood v i s c o s i ty  were
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o b ta in ed  in cases  of ca rd iac  f a i l u r e  where in f e c t iv e  e n d o c a rd i t is  
had supervened on chronic v a lv u la r  d i s e a s e .  The low v i s c o s i ty  i s  
p robab ly  r e l a t e d  to  th e  severe  secondary anaemia a s s o c ia te d  w ith  
th e  b a c t e r i a l  to x in s  in  th e  blood, which not only cause red u c t io n  
of red  c e l l s  and haemoglobin p e rce n tag e , but ap p a ren tly  a lso  
a f f e c t  th e  c e l l  s i z e ,  g iv in g  v a lu es  below normal f o r  bo th  th e  
volume index and th e  mean red  c e l l  d iam eter.
With reg ard  to  th e  e x e rc is e  experim ents , i t  was found th a t  
in th r e e  normal s u b je c ts ,  sh o r t  v io le n t  ex e rc ise  produced an 
in c re a se  in  volume and d iam eter  of th e  re d  c e l l s ,  to g e th e r  w ith  
an in c re a se  in  t h e i r  numbers and in  th e  haemoglobin p e rcen tag e .
In c rease  in  e ry th ro c y te  count and haemoglobin percen tag e  
a f t e r  v igorous e x e r t io n  has been no ted  by many o b se rv e rs ,  and 
has been pu t down, as in d ic a te d  in  th e  l i t e r a t u r e ,  to  v a r io u s  
cau ses , th e  p r in c ip a l  being  ( i )  c o n c e n tra t io n  of blood from 
in c re a se d  p e r s p i r a t io n ;  ( i i )  l i b e r a t i o n  of a d d i t io n a l  co rp u sc les  
from th e  c a p i l l a r i e s ,  and ( i i i )  s p le n ic  c o n t ra c t io n .
The r a p id  in c re a se s  in  e ry th ro c y te  count and haemoglobin 
p e rce n tag e  no ted  in  th e  l i t e r a t u r e ,  have been oonfirmed by th e  
e x e rc is e  experim ents in  t h i s  work.
Regarding  blood v i s c o s i t y  a f t e r  v io le n t  ex e rc ise ,  which was 
no t es tim a ted  in  th e  p re se n t  in v e s t ig a t io n ,  a  r i s e  i s  s t a t e d  to  
occur by S a h l i  (121 ) ,  due to  excess ive  p e r s p i r a t i o n .
In c rea se  in  red  c e l l  d iam ete r  a f t e r  v io le n t  e x e rc is e  was
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found to  occur by P r ic e -Jo n e s  (113) * 3131(1 Wiechmann and 
Schurmeyer (129) ,  as p re v io u s ly  s t a t e d ,  a lthough t h i s  in c re a se  
was doubted by Ponder and Saslow (110).
The r e s u l t s  in  th e  e x e rc is e  experim ents of t h i s  in v e s t ig a ­
t i o n  f o r  th e  s iz e  of th e  re d  c e l l s ,  appear to  confirm  those  of 
P r ic e - J o n e s  and Wiechmann and Schoirmeyer, and in  a t tem p tin g  to  
ex p la in  th e  in c re a se  t h a t  has  ap p a re n tly  occurred , i t  i s  n eces­
sa ry , as in th e  case of c a rd ia c  f a i l u r e ,  to  study th e  p h y s io lo ­
g ic a l  d is tu rb a n c e s  u n d er ly in g  severe  e x e rc is e .
The th r e e  h e a l th y  s u b je c ts  s tu d ie d  in  t h i s  in v e s t ig a t io n  a l l  
had a  severe  degree of b r e a th le s s n e s s ,  to g e th e r  w ith  p a l p i t a t i o n ,  
c a rd ia c  d i s t r e s s  and ex h au s tio n , a t  th e  conc lusion  of th e  e x e rc is e .
M e a k i n s  and D a v i e s  (95) s t a t e  t h a t  s u c h  s y m p t o m s  a s  d y s p n o e a ,  
e x h a u s t i o n ,  p r e c o r d i a l  d i s c o m f o r t ,  a n d  e v e n  l o s s  o f  c o n s c i o u s n e s s ,  
w h i c h  r e s u l t  f r o m  t h e  c e l l u l a r  o x y g e n  w a n t  a n d  c a r b o n  d i o x i d e  
a c i d o s i s  o f  c i r c u l a t o r y  f a i l u r e  d u e  t o  c a r d i a c  d i s e a s e ,  m a y  b e  
p r o d u c e d  i n  h e a l t h  i f  m u s c u l a r  w o r k  i s  p u s h e d  t o  a n  e x t r e m e  d e g r e e .
Cowan (23) s t a t e s  th a t  th e  h e a r t  may f a i l  be fo re  excess ive  
p h y s ic a l  work, and to  quote A llan  (3) . . . .  * the uncom fortable 
symptoms p re s e n t  w ith  a f a i l i n g  h e a r t  a re  th e  same as th o se  
produced by a h e a l th y  h e a r t  when su b je c te d  to  a s t r e s s  beyond 
th e  o rd in a ry  requ irem en ts  o f  th e  body .B D esc rib in g  th e  b re a th ­
le s s n e s s  a s s o c ia te d  w ith  e x e rc is e ,  McDowall (90) s t a t e s  th a t  
t h i s  can be co n s id e red  as be in g  due to  a  r e l a t i v e  c i r c u la to r y  
in s u f f ic ie n c y ,  ak in  to  th a t  found in  c a rd ia c  d is e a s e .
In  v io le n t  e x e rc is e ,  co n s id e ra b le  l a c t i c  ac id  and an excess
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o f  c a r b o n i c  a c i d  a r e  f o r m e d ,  a n d  t h e  p H  o f  t h e  p l a s m a  f a l l s .
The in c re a se  in a lv e o la r  CO2 which is  caused by v io le n t  exer­
c i s e  (133) su g g es ts  th a t  under th e se  c o n d i t io n s ,  an accum ulation 
of C02 a lso  occurs in  th e  blood which i s  removed d u r in g  th e  
s ta g e  of hyperpnoea l a s t i n g  f o r  a sh o r t  tim e a t  th e  end of th e  
e x e rc i s e .  Campbell, Douglas and Hobson ( 21 ) have in f a c t  con­
cluded  th a t  d u r in g  severe  e x e rc is e ,  C02 is  dammed back in  th e  
body, and accord ing  to  Lovatt Evans (44) th e se  o b se rv e rs  have 
made i t  c l e a r  th a t  co in c id en t w ith  in c re ase d  pulmonary v e n t i l a ­
t i o n ,  “th e r e  iB in  a l l  p r o b a b i l i t y  an in c re a se  bo th  in  carbon 
d io x id e  p re s su re  and i n f e r e n t i a l l y  in  th e  hydrogen ion concen­
t r a t i o n  of th e  c i r c u l a t i n g  b lood ."
U n d e r  t h e  a b o v e  c o n d i t i o n s ,  t h e  i n c r e a s e  i n  s i z e  o f  t h e  
r e d  c e l l s  f o u n d  t o  o c c u r  i n  t h e  b l o o d  o f  t h r e e  n o r m a l  s u b j e c t s  
a f t e r  v i o l e n t  e x e r c i s e ,  w h e n  s y m p t o m s  o f  s e v e r e  c i r c u l a t o r y  
e m b a r r a s s m e n t  w e r e  p r e s e n t ,  m a y  b e  r e a s o n a b l y  r e g a r d e d  a s  
a n a l o g o u s  t o  t h e  p h e n o m e n o n  o b s e r v e d  i n  m a n y  c a s e s  o f  s e v e r e  
c o n g e s t i v e  h e a r t  f a i l u r e .
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SUMMARY AND CONCLUSIONS
The volume in d ic e s  and mean d iam eters  of the  e ry th ro c y te s  
(between which a f a i r l y  c lo se  correspondence was found to  e x i s t ) ,  
to g e th e r  w ith  th e  number of the  red  c e l l s ,  t h e i r  in d iv id u a l  
haemoglobin c o n te n t ,  and the  haemoglobin percen tage  of the  b lood , 
have been s tu d ie d  in  a s e r i e s  of 40 cases  of congestive  h e a r t  
f a i l u r e ,  due to  a v a r ie ty  of l e s io n s .  In  24 of the  ca se s ,  the  
v i s c o s i ty  of th e  b lood  was e s t im a te d ,  u s in g  th e  same v isc o s im e te r  -  
namely, th e  Hess instrum ent -  fo r  a l l  th e  d e te rm in a t io n s .  The 
f in d in g s  in  the  cases of c a rd ia c  f a i l u r e  have been ana lysed  and 
compared w ith  average r e s u l t s  o b ta ined  in  a s e r ie s  of 12 normal 
in d iv id u a ls ,  and 20 cases  of compensated h e a r t  d is e a s e ,  the v i s ­
c o s i ty  r e s u l t s  be ing  compared w ith  th e  average v i s c o s i ty  fo r  10 
normal p e rso n s , and fo r  e ig h t  of the  compensated c a se s .
An attem pt was made to  produce symptoms of c i r c u la to r y  
embarrassment in  th e  normal s u b je c t ,  s im i la r  to  those  p re se n t  in  
c a rd ia c  f a i l u r e ,  by s u b je c t in g  th r e e  normal in d iv id u a ls  to  
v io le n t  e x e rc is e ,  c o n s is t in g  of s tan d in g -ru n n in g  as r a p id ly  as 
p o s s ib le ,  to  ex h a u s tio n . The e f f e c t  of v io le n t  e x e rc is e  was 
s tu d ie d  on th e  s iz e  and number of the  e ry th ro c y te s  and the  
haemoglobin p e rce n tag e . This w o rk 'a lso  in c lu d es  a study  of the  
e f f e c t s  o f  oxygen a d m in is t ra t io n ,  v en e sec t io n ,  and d iu r e s i s  in  
co n g e s tiv e  h e a r t  f a i l u r e ,  on th e  number and s iz e  of th e  e ry th ro c y te s ,  
and th e  v i s c o s i ty  of the  b lood .
Ik
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(1 ) In f u l l y  compensated h e a r t  d is e a s e ,  th e  volume and 
d iam eter  of th e  red  blood c e l l s  show no v a r i a t io n  from the  
normal. The number of e ry th ro c y te s  i s ,  on th e  average, a lso  
normal, l ik e w ise  th e  haemoglobin p e rce n tag e , and th e  haemoglobin 
con ten t of th e  c e l l s .  The v i s c o s i ty  of th e  blood i s  w ith in  
normal l i m i t s .
(2 ) In  co n g es tiv e  h e a r t  f a i l u r e ,  th e  volume index and mean 
d iam eter  of th e  e ry th ro c y te s  f r e q u e n t ly  exceed th e  normal. In 
most ca se s ,  a r e a l  and s ig n i f i c a n t  c o rp u sc u la r  enlargement i s  
r e p re se n te d ,  but in  a few cases , only a p robable  enlargement i s  
p r e s e n t .  The s iz e  of th e  e ry th ro c y te s  may a lso  be normal or 
subnormal.
(3 ) G enera lly  speaking, th e  e ry th ro c y te s  a re  la rg e r  than  
normal in  severe  co n g es tiv e  h e a r t  f a i l u r e ,  and normal in  cases  
where th e  f a i l u r e  i s  s l i g h t .  This r e l a t io n s h i p  between th e  
degree of th e  f a i l u r e  and th e  s iz e  of th e  co rp u sc le s  i s ,  how­
ever, not c o n s ta n t ,  as  th e  l a t t e r  may sometimes be normal or 
subnormal, when th e  symptoms of h e a r t  f a i l u r e  a re  sev e re .
(4 ) Enlargement of th e  e ry th ro c y te s  has been found to  
occur in  co n g es tiv e  h e a r t  f a i l u r e  secondary to  m i t r a l  s t e n o s i s ,  
m i t r a l  s t e n o s i s  and r e g u r g i t a t io n ,  aofctic t e g u r g i t a t  ion w ith  
secondary m i t r a l  r e g u r g i t a t io n ,  adheren t p erica rd ium , chronic  
b r o n c h i t i s  and emphysema, a r t e r i o - s c l e r o s i s ,  and ch ron ic  
n e p h r i t i s .  In  th e  ca ses  of a o r t i c  r e g u r g i t a t io n ,  however, 
co rp u sc u la r  enlargement was u su a l ly  g r e a te r  when m i t r a l
i_
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s te n o s is  or ch ron ic  b r o n c h i t i s  and emphysema co—e x is te d ,  than  
when f a i l u r e  of compensation occurred  in pure a o r t i c  r e g u r g i t a t io n .
( 5 ) Smaller red  c e ^ ls  than  normal as d e sc r ib e d  under (2 ) 
and (3) have on ly  been found in  cases  of conges tive  h e a r t  
f a i l u r e  a s s o c ia te d  w ith  th e  ca rd iac  type of in f e c t iv e  endo­
c a r d i t i s .  The d im inu tion  in  c e l l  s i z e  i s  here a t t r i b u t e d  to  
th e  d e g e n e ra t iv e  e f f e c t  o f  b a c t e r i a l  to x in s  in  th e  blood. In 
auch cases  e s t im a tio n  of volume index i s  more a c cu ra te  than  
measurement of c e l l  d iam ete r , owing to  th e  p resence  of 
p o ik i lo c y to s i s .
(6) R e-es tab lishm en t of compensation in  c a se s  of c a rd iac  
f a i l u r e  w ith  l a r g e r  e ry th ro c y te s  than  normal, i s  a s s o c ia te d  
w ith  a r e tu r n  to  normal c e l l  volume and d iam eter, except 
p o s s ib ly  where the  f a i l u r e  is  secondary to  emphysema and 
b r o n c h i t i s ,  when s l i g h t l y  en larged  co rp u sc les  may remain a f t e r  
c i r c u la to r y  improvement has occurred .
(7 ) A s tudy  of th e  co lo u r  index in  r e l a t i o n  to  th e  s iz e  
of th e  e ry th ro c y te  shows th a t  enlargement of th e  l a t t e r  in  con­
g e s t iv e  h e a r t  f a i l u r e  i s  not a s so c ia te d  w ith  in c re ase  in  i t s  
haemoglobin c o n te n t .  T h is  a f fo rd s  evidence a g a in s t  th e  e n la rg e ­
ment being  analogous to  t h a t  recorded  by Vaquez in  th e  cy an o s is  
of c o n g e n i ta l  h e a r t  d i s e a s e ,  where th e  haemoglobin con ten t of 
th e  co rp u sc le  was in c re a se d ,  and i t s  enlargement was co n s id e red  
a compensation fo r  anoxaemia.
(8) Evidence re g a rd in g  enlargement of re d  c e l l s  o c c u rr in g
154
ex p e rim en ta lly  in  r e l a t i o n  to  C02 and b lood  r e a c t io n  i s  desc r ib ed . 
I t  i s  suggested  th a t  in c re a se  in  s iz e  of  e ry th ro c y te s  in  the  p e r i ­
p h e ra l  b lood  in  congestive  h e a r t  f a i l u r e  i s  a s im ila r  type of
en largem ent, o ccu rr in g  in  re sp e c t* o f  GO^  accum ulation and a
stasis
tendency to  acidaem ia from c i r c u l a t o r y /  and in s u f f ic ie n c y  of 
e l im in a t io n  of  COg through the  lungs , and depending on th e  degree 
of re d u c t io n  in  th e  c i r c u l a t i o n  r a t e ,  and the  e x te n t  of p a th o lo ­
g ic a l  changes in  the  lungs.
( 9 ) Support i s  given to  th e  above view by the  f a c t  th a t  the  
co rp u scu la r  enlargem ent in  congestive  h e a r t  f a i l u r e  i s  f re q u e n t ly  
a s s o c ia te d  w ith  th e  h igh  red c e l l  counts of p e r ip h e ra l  
s t a s i s ; ,  and th a t  i t  always occurs in  th e  presence of  the  pulmonary 
le s io n s  seen in  severe conges tive  f a i l u r e ,  a p a r t  from, in  some 
ca se s ,  a d d i t io n a l  pulmonary d is e a se ,  such as chronic  b r o n c h i t i s  
and emphysema.
( 10) I t  i s  f u r th e r  suggested  t h a t  th e  o v e r - s iz e d  e ry th ro c y te s  
in  the  p e r ip h e ra l  b lood  in  congestive  h e a r t  f a i l u r e  re p re se n t  a 
phenomenon a s s o c ia te d ,  in  th e  l i g h t  of known physico-chem ical law s, 
w ith  th e  t r a n s p o r t  by th e  c e l l s  of more C0r>,  and an a ttem pt 
g e n e ra l ly  to  in c re a se  the  b u f f e r in g  ca p ac ity  of  the  b lood .
( 11) The re d  c e l l  count in  congestive  h e a r t  f a i l u r e  may be 
in c re a se d ,  normal or d im in ished . I t  i s  u s u a l ly  in c re ase d  -  o f te n  
to  v a lu es  between s ix  and seven m i l l io n  red  c e l l s  per  cmm. -  in  
severe  ca rd ia c  f a i l u r e  ( e s p e c ia l ly  i f  cyanosis  i s  marked), and 
normal o r  only s l i g h t l y  in c re a se d  in  m ild c a rd ia c  f a i l u r e .  I t  
may, however, be d im in ished  in  severe  h e a r t  f a i l u r e ,  from the
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p resen ce  of (a) in f e c t io n ,  (b) hydraemia, and (c) impairment of 
re n a l  fu n c t io n ,  i f  s u f f i c i e n t l y  marked.
(12 ) As reg a rd s  l e s io n s ,  th e  e ry th ro c y te  count i s  found to  
be inc reased  in  severe congestive  f a i l u r e  secondary to  m i t r a l  
v a lv u la r  d is e a s e  ( e s p e c ia l ly  m i t r a l  s t e n o s i s ) ,  adherent p e r i ­
cardium, chron ic  b ro n c h i t i s  and emphysema, a r t e r i o - s c l e r o s i s ,  
and chron ic  i n t e r s t i t i a l  n e p h r i t i s ,  being  h ig h e r  in  th e  two l a s t -  
mentioned c o n d i t io n s ,  i f  pulmonary emphysema c o - e x i s t s .  The 
number of e ry th ro c y te s  was not in c re a se d  in  a case of ca rd iac  
f a i l u r e  secondary to  chronic  parenchymatous n e p h r i t i s ,  and showed 
a d im inu tion  w ith  th e  in c re ase d  degree of r e n a l  inadequacy, which 
was a s so c ia te d  w ith  in c re a se  in  s e v e r i ty  of th e  c a rd ia c  f a i l u r e .
In  a o r t i c  r e g u r g i ta t io n  w ith  f a i l u r e  of compensation, th e  count 
i s  not u s u a l ly  r a is e d ,  u n le s s  emphysema and b r o n c h i t i s  c o - e x i s t ,  
o r  th e  a o r t i c  le s io n  i s  combined w ith  m i t r a l  s t e n o s i s .  In  c a rd ia c  
f a i l u r e  a s so c ia te d  w ith  in f e c t iv e  e n d o c a rd i t i s ,  th e  red  c e l l  count 
i s  in v a r ia b ly  d im in ished .
(13 ) C l in ic a l  improvement from congestive  h e a r t  f a i l u r e ,  
when th e  l a t t e r  has been a s s o c ia te d  w ith  an in c re a se d  red  c e l l  
coun t, i s  c h a ra c te r i s e d  by a d im inution  in th e  number of e ry th ro ­
c y te s .  A normal count i s  u s u a l ly  ob ta ined  when condensa tion  i s  
r e - e s t a b l i s h e d ,  but a  r a i s e d  count may tend  to  remain in  p a t i e n t s  
w ith  m i t r a l  s t e n o s i s  or chron ic  b r o n c h i t i s  and emphysema, a f t e r  
c i r c u la to r y  improvement has occurred .
(14 ) This in v e s t ig a t io n  confirm s, from th e  evidence of 
d im in ished  plasm a volume ob ta ined  by th e  h a e m a to c r i t ,  t h a t  th e
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in c re a se  in  number of e ry th ro c y te s  in  th e  p e r ip h e ra l  blood in  
co n g es tiv e  h e a r t  f a i l u r e  i s  in  th e  n a tu re  of a r e l a t i v e  p o ly -  
cythaemia.
(15) I t  i s  suggested  th a t  th e  h igh  re d  c e l l  counts  in  
severe  ca ses  of congestive  h e a r t  f a i l u r e  w ith  marked cyanosis ,  
may a lso  re p re se n t  an e r y th r o c y to s i s ,  as a compensation f o r  
anoxaemia. The p robab le  r o le s  p layed  by th e  sp le en  and bone 
marrow in  t h i s  connection  have been d isc u sse d .
(16 ) The red  c e l l s  in  th e  p e r ip h e ra l  blood in  congestive  
h e a r t  f a i l u r e  show a lower average haemoglobin conten t than  
normal.
(17 ) This r e s u l t s  c h ie f ly  from th e  f a c t  th a t  in th e  ca ses  
of ca rd iac  f a i l u r e  w ith  h igh  red  c e l l  coun ts , th e  l a t t e r  are  
p ro p o r t io n a te ly  more in c reased  than  a re  th e  haemoglobin p e r ­
cen tag es .  With c e r t a in  l e s io n s ,  however, ( e . g . ,  in f e c t iv e  
e n d o c a r d i t i s ,  a o r t i c  r e g u r g i t a t io n ,  chronic parenchymatous 
n e p h r i t i s ) ,  a low co lour index in  ca rd iac  f a i l u r e  r e s u l t s  from 
blood changes of a ’’secondary anaemia” type .
( 18 ) Hydraemia, or d i l u t i o n  of th e  blood, i s  sometimes 
p re s e n t  in  sev e re  co n g es tiv e  h e a r t  f a i l u r e ,  a s s o c ia te d  w ith  
gross oedema.. I t  i s  c h a ra c te r i s e d  by a r e l a t i v e  d im inu tion  
in  th e  number of e ry th ro c y te s  and th e  haemoglobin p e rcen tag e , 
both  of which show a r a p id  and n o t ic e a b le  in c re a s e  w ith  sub­
s idence  of oedema fo l lo w in g  d i u r e s i s .
(19 ) Subsidence of oedema fo llo w in g  d iu r e s i s  in  th e  c a rd ia c  
hydraemia d e sc r ib e d  above (18) is  a s s o c ia te d  w ith  a s l i g h t
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d im inu tion  in  volume and d iam eter of th e  red  c e l l s .  The e n la rg e ­
ment of th e  l a t t e r  in  th e  hydraemic s ta g e , i s ,  however, r e l a t e d  
more to  th e  u n d er ly in g  c i r c u la to r y  f a i l u r e  th an  to  th e  s p e c i f i c  
in f lu e n c e  on th e  e ry th ro c y te  of th e  d i lu t e d  c h a ra c te r  of th e  
b lo o d .
(20) The v i s c o s i ty  of th e  blood in  conges tive  h e a r t  
f a i l u r e  i s  in  a g rea t many cases h ig h e r  than normal.
(21) Recovery from ca rd ia c  f a i l u r e  in  such cases i s  a s so ­
c i a t e d  w ith  a f a l l  in blood v i s c o s i ty ,  which g e n e ra l ly  r e tu rn s  
t o  va lues  w ith in  normal l i m i t s .
(22 ) The in c re ase  of blood v i s c o s i ty  in  conges tive  h e a r t  
f a i l u r e  i s  in  the  g rea t  m a jo r i ty  of cases  r e l a t e d  to  in c rease  
in  number or s iz e  of th e  re d  blood c e l l s .
( 2J) H y p e rv isc o s ity  in  co n g es tiv e  h e a r t  f a i l u r e  is  most 
marked when polycythaem ia , and an in c re a se  above normal in  th e  
s i z e  of th e  e ry th ro c y te s ,  a re  both  p r e s e n t ,  and re d u c t io n  in 
v i s c o s i t y  w ith  c l i n i c a l  improvement i s ,  in  such ca se s ,  a s s o c ia te d  
w ith  a co in c id e n t  d im inu tion  in  number and s i z e  of th e  c e l l s .
(24 ) V enesec tion , and to  a l e s s  e x te n t ,  th e  a d m in is t ra t io n  
of oxygen, lower th e  v i s c o s i ty  of th e  blood in  conges tive  h e a r t  
f a i l u r e ,  in  r e l a t i o n  to  a  d im inution  in  number and s iz e  of th e  
e ry th ro c y te s .  By low ering  v i s c o s i ty ,  such measures w i l l  tend
to  make th e  blood stream  l e s s  s lu g g ish ,  and he lp  to  r e l i e v e  th e  
em barrassed h e a r t  and c i r c u l a t i o n .
(25) The v i s c o s i ty  of th e  blood i s  r e l a t i v e l y  lowered in 
th e  p resence  of th e  hydraemia sometimes a s s o c ia te d  w ith  g ross
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c a rd ia c  oedema. A rap id  r i s e  in v i s c o s i ty  occurs w ith  subsidence 
of oedema fo llo w in g  d iu r e s i s .  These v a r i a t io n s  in  v i s c o s i ty  are  
r e l a t e d  to  th e  a s so c ia te d  d im inution  and in c re a se  r e s p e c t iv e ly ,  
in  th e  number of red ce lls  and the  haemoglobin p e rcen tag e , d esc r ib ed  
under (18).
(26) A low blood v i s c o s i t y  c h a ra c te r i s e s  ca rd ia c  f a i l u r e  
o cc u rr in g  in  a s s o c ia t io n  w ith  in f e c t iv e  e n d o c a rd i t i s .
(27 ) V io len t e x e rc is e  to  exhaustion  in  th e  normal person , 
which i s  accompanied by c i r c u la to r y  and r e s p i r a to r y  d i s t r e s s ,  
causes a n o t ic e a b le  in c re a se  in  red c e l l  count and haemoglobin 
p e rcen tag e , to g e th e r  w ith  an in c re ase  in  volume and d iam eter of 
th e  in d iv id u a l  red c e l l s .  The p o s s ib le  causes of th e  po ly cy ­
thaem ia a re  d esc r ib ed , and i t  i s  suggested  t h a t  th e  enlargement 
of th e  e ry th ro c y te s  i s  analogous in  c h a ra c te r  to  th a t  o cc u rr in g  
in  co n g es tiv e  h e a r t  f a i l u r e .
I  h a v e  t o  t h a n k  D r .  H a r r i s ,  P h y s i c i a n  t o  t h e  L i v e r p o o l  
H e a r t  H o s p i t a l ,  f o r  p l a c i n g  p a t i e n t s  i n  t h e  w a r d s  a n d  o u t ­
p a t i e n t  d e p a r t m e n t  a t  m y d i s p o s a l ,  a n d  D r .  L i p k i n ,  B i o c h e m i s t  
to  t h e  H o s p i t a l ,  f o r  t h e  b l o o d - u r e a  e s t i m a t i o n s .
SUMMARY OF CASE REPORTS
Case 21 . Male, aged 65 ; salesman. Heart f a i l u r e ,  m yocardial 
d eg en era tio n , a r t e r i o - s c l e r o s i s .  Ho h is to ry  of rheumatism or 
o th e r  e t i o l o g i c a l  f a c t o r s .  Since 1927 complains of s h o r tn e s s  of 
b re a th  and p a in  in  chest on s l i g h t  e x e r t io n ,  o ccas io n a l g id d in ess  
and sw e l l in g  of an k les . For fo u r  weeks before  adm ission, o r thop - 
noea, sw e ll in g  of le g s  and bad cough.
Admitted 4 *2 . 29- o r thopnoeic , dyspnoeic and cyanosed; f re q u en t 
cough. Temperature 98 .8°  F. H eart:  a p ic a l  impulse d i f f u s e ,  l e f t  
bo rder from m id -lin e  in s ix t h  space , no evidence of v a lv u la r  
d i s e a s e ,  f i r s t  sound a t apex sh o r t  and sharp , t i c - t a c  rhythm, 
second a o r t i c  sound s l i g h t l y  ac ce n tu a ted , r a t e  120, r e g u la r .  
E lec trocard iog ram  shows le s io n  of r i g h t  bundle branch. Blood 
p re s s u re  165/HO mm. Lungs; s l i g h t  d u l ln e s s  a t  bases ,  numerous 
f i n e  c r e p i t a t i o n s ,  r e s p i r a t i o n s  32. Abdomen: l i v e r  en la rged , 
te n d e r ,  no a s c i t e s .  C onsiderab le  oedema of le g s ,  s l i g h t  p i t t i n g  
of th ig h s .  U rine: S.G. 1024, albumin p re s e n t ,  and a few h y a l in e
c a s t s .  R ad ia l a r t e r i e s  th ick en ed  and to r tu o u s .
1 8 .2 .2 9 . C ondition  s t i l l  s e r io u s ;  c a rd iac  s ig n s  as above, 
moderate oedema of le g s .  Albuminuria s t i l l  p r e s e n t .  L iver 2 ,f 
below c o s ta l  margin. Congestion and oedema both  lung  bases. 
R e sp ira t io n s  30; p u l s e - r a t e  110 .
1 . 4 *29. C onsiderab ly  improved. P u l s e - r a te  78. R e s p ira t io n s  
2 0 . No dyspnoea or oedema. L iver not p a lp a b le ,  no albumin in 
u r in e .  S t i l l  a cy an o tic  t in g e  of cheeks and a few r a l e s  a t  lung  
b a s e s .
Discharged improved 6.4*29.
Case 22 . Male, aged 58> Wallasey landing-stagem an. Heart 
f a i l u r e ,  m yocardial d eg e n e ra tio n , a r t e r i o - s c l e r o s i s ,  chronic  
i n t e r s t i t i a l  n e p h r i t i s .  S hortness  of b re a th  on e x e r t io n  and 
g id d in e ss  f o r  a few y e a rs .  Since October 1928 , in c re a s in g  
dyspnoea, p a l p i t a t i o n s ,  sw e ll in g  of f e e t  and sometimes of f a c e ,  
and o cc as io n a l a t ta c k s  of n o c tu rn a l dyspnoea.
Admitted 11 . 3 *29* orthopnoea, dyspnoea and f a i r l y  w e l l -  
marked cy a n o s is ,  short, f re q u en t  cough. Temperature 98° W* H eart: 
a p ic a l  impulse s l i g h t l y  th r u s t in g ,  but d i f f u s e ,  l e f t  border 6i H 
from m id - l in e  in  s ix th  space, s o f t  s y s t o l i c  murmur a t  apex, 
a o r t i c  second sound s l i g h t l y  accen tu a ted , r a t e  110 , r e g u la r .  
E lec trocard iog ram : l e f t  v e n t r i c u l a r  p reponderance, in v e rs io n  of 
T in  lead s  I  and I I .  Blood p re s su re  180/130 mm. Lungs: a few 
rhonchi in  f r o n t ,  d u l ln e s s  a t  bases , and numerous moist sounds 
h ea rd , r e s p i r a t i o n s  30. Abdomen: l i v e r  en la rged , te n d e r ,  no
a s c i t e s .  C onsiderab le  oedema of f e e t  and le g s ,  and s l i g h t  a l s o  
of th ig h s  and lumbar back. U rine: S.G. 1012 , albumin p r e s e n t ,  
h y a l in e  and g ran u la r  c a s t s .  R adial and r e t i n a l  a r t e r i e s  
th ick en ed  and to r tu o u s ,  s c a t t e r e d  r e t i n a l  exudate. Blood u re a  
56-8 mg. p e r  c e n t .
2 0 .3 .2 9 . C o n d i t i o n  s t i l l  s e r i o u s .  O r t h o p n o e a ,  m a r k e d  
d y s p n o e a  a n d  c y a n o s i s .  M a r k e d  o e d e m a  o f  l e g s  a n d  t h i g h s ,  B l i g h t  
o f  b a c k  a n d  f a c e .  N u m e r o u s  m o i s t  r a l e s  h e a r d  a t  b o t h  l u n g  b a s e s .  
P u l s e - r a t e  118 , r e s p i r a t i o n s  30. U r i n e :  a l b u m i n  p r e s e n t , a l s o  
h y a l i n e  a n d  g r a n u l a r  c a s t s .
7 .5 .2 9 .  S l i g h t  i m p r o v e m e n t .  O r t h o p n o e a  a n d  dyspnoea l e s s
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marked. Lung "bases c l e a r e r .  L iver sm a lle r .  S l ig h t  oedema of 
le g s  only. P u lse  94. Respirations 2 4 -
21 . 6 .29 . Condition again  s e r io u s .  More dyspnoea and 
orthopnoea. Well-marked s ig n s  of oongestion  and oedema a t lu n g  
b ases .  Oedema of le g s ,  and lower p a r t  of th ig h s ,  s l ig h t  of fa c e .  
L iv er  in c reased  in  s iz e ,  te n d e r ,  s l i g h t  a s c i t e s .  P u lse  124* 
R e sp ira t io n s  34.
23 .6 .29 . Worse. Drowsy and wandering a t  t im es . Blood 
u re a  76 mg. p e r  cen t.
2 4 .6 .2 9 . Died. No autopsy g ran ted . Although towards th e  end, 
t h i s  p a t i e n t  showed re n a l  symptoms and more u re a  r e te n t io n ,  he 
was n e v e r th e le s s  c l i n i c a l l y  a case of congestive  h e a r t  f a i l u r e .
Case J 2 - Male, aged 6j ,  foreman c a r t e r .  Heart f a i l u r e ,  
m yocardial d eg en era tio n , a r t e r i o - s c l e r o s i s ,  ch ron ic  "bronchitis 
and emphysema. O ccasional headaches, g id d in e ss ,  and sh o r tn e s s  
of b re a th  f o r  about fo u r  y ea rs .  1925 > acu te  b r o n c h i t i s ,  and f r e ­
quent ex ace rb a tio n s  s in c e .  Since January 1929 , orthopnoea, and 
s w e l l in g  of le g s .
Admitted 22!. 3 -29 : o r thopnoeic , dyspnoeic, and cyanosed; c e r ­
v i c a l  v e in s  engorged, e p i g a s t r i c  p u l s a t io n .  Temperature 98°
H eart:  apex bea t obscured, emphysema masks c a rd ia c  enlargement 
(sounds a t  apex heard  b e s t  in  s ix th  space 5 i ,< t o  l e f t  of mid­
sternum and about l i H o u ts id e  l e f t  bo rder of deep c a rd iac  d u l l ­
n e s s ,  as f a r  as  l a t t e r  could  be a s c e r ta in e d ) ;  s y s t o l i c  murmur a t  
apex, second a o r t i c  sound accen tu a ted , h e a r t - r a t e  112, r e g u la r .  
E lec trocard iog ram : r a th e r  low v o lta g e  in  a l l  leads, in v e rs io n  of T in  
le a d  I I ,  and b lu r r in g  of QRS d e f le c t io n  in  le a d s  I I  and I I I .
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Blood p re s su re  170/110  mm. Lungs: emphysema, s c a t t e r e d  rhonch i, 
numerous moist r a l e s  a t  both  b ases ,  r e s p i r a t i o n s  30. Abdomen: 
l i v e r  en la rg ed , te n d e r ,  no a s c i t e s .  Oedema of le g s  and s l i g h t  
p i t t i n g  of  th ig h s .  U rine: S. G r. 1022 , albumin p re s e n t ,  a few 
h y a l in e  and g ran u la r  c a s t s .  Blood u re a  35 m£* Pe r  ce n t.  R ad ia l 
and r e t i n a l  a r t e r i e s  th ick en ed , but no r e t i n a l  haemorrhages or 
exudate seen.
27.4*29. Much improved. Dyspnoea and cyanosis  s l i g h t .
L iv e r  much sm a lle r ,  no a s c i t e s .  Congestion of lung  bases has 
c le a re d  up. Ho oedema. Fo albumin in  u r in e .  P u lse  r a t e  84. 
R e sp ira t io n s  20 .
D ischarged improved 1 .5 .2 9 .
Case 2 4 . Male, aged 38; s h i p ’s g rea se r .  Heart f a i l u r e ,  
m i t r a l  s te n o s is  (p o s t- rh e u m a tic ) , s y p h i l i t i c  a o r t i c  r e g u r g i t a ­
t i o n .  Rheumatic f e v e r  1925- Dyspnoea and p a l p i t a t i o n  on e x e r ­
t i o n  f o r  some y e a rs ,  and o ccas io n a l d u l l  p r e c o r d ia l  p a in s .  For 
a few weeks b efo re  adm ission, in c re a s in g  d i s a b i l i t y  w ith  severe  
dyspnoea, troublesom e cough, and s w e l l in g  of f e e t .
Admitted 1 1 . 4 -2 9 : s l i g h t  m alar f lu s h ,  prominence and p u ls a ­
t i o n  of c e r v i c a l  v e in s ,  f re q u en t cough w ith  e x p e c to ra t io n ,  
o c c a s io n a l ly  b lo o d -s ta in e d ;  orthopnoea, dyspnoea, and f a i r l y  
w ell-m arked cy an o sis .  Temperature 99° H eart:  a p ic a l  impulse 
d i f f u s e ,  s l i g h t l y  f o r c i b l e ,  l e f t  b o rder  5 i ” from m id - l in e  in  
s ix t h  space , en larged  to  r ig h t  (deep c a rd ia c  d u l ln e s s  1" to  
r i g h t  of s ternum ), s y s t o l i c  and d i a s t o l i c  murmurs a t  m i t r a l  a re a ,  
double a o r t i c  murmur, and s o f t  t r i c u s p i d  s y s t o l i c  murmur, r a t e  120,
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r e g u la r .  Blood p re s su re  135/45  mm* Lungs: d u l ln e s s  a t  both 
b ases , im paired b rea th  sounds, r e s p i r a t io n s  35. Abdomen: l i v e r  
en la rg ed , and te n d e r ,  s l i g h t  a s c i t e s .  C onsiderab le  oedema of 
f e e t  and le g s  and p i t t i n g  of lumbar back. U rine: S.G. 1028 , 
albumin p r e s e n t ,  and a few h y a lin e  c a s t s .  Wassermann re a c t  i o n - I - - h .
28.4*29. Died suddenly . Autopsy not g ran ted .
Case 2 5 - Female, aged 30; housewife. Heart f a i l u r e ,  rheu ­
m atic  h e a r t  d is e a s e ,  m i t r a l  s t e n o s i s ,  a u r ic u la r  f i b r i l l a t i o n .
H is to ry  of chorea in  1919 and rheum atic f e v e r  in  1922. Sw elling  
of ank les  and dyspnoea and p a l p i t a t i o n  on s l i g h t  e x e r t io n  f o r  two 
months befo re  adm ission.
Admitted 11.4*29: m ild degree of congestive  f a i l u r e ,  no
orthopnoea, s l i g h t  dyspnoea and cy an o tic  t in g e  of fa c e  and l i p s .  
Temperature 98*2° F. H eart: a p ic a l  in p u lse  s l i g h t l y  d i f f u s e ,  
l e f t  border 4 i H from m id - l in e  in  f i f t h  space, s l i g h t l y  en larged  
to  r ig h t  (one f i n g e r f s b read th  d u l ln e s s  to  r ig h t  of sternum ); 
m i t r a l  s y s t o l i c  and d i a s t o l i c  murmurs, a u r i c u la r  f i b r i l l a t i o n ,  
v e n t r i c u l a r  r a t e  110 , r a d i a l  p u lse  94* Lungs: a  few moist r a l e s  
a t  bases  a f t e r  coughing, no d u l ln e s s ,  r e s p i r a t i o n s  24- Abdomen: 
l i v e r  s l i g h t l y  en la rged , no a s c i t e s .  Oedema of an k le s .  U rine:
S.G. 1020 , t r a c e  of albumin.
Discharged 5 .6 .2 9 , much improved.
Case 26 . Female, aged 32 ; f iv e  c h i ld re n .  Heart f a i l u r e ,  
rheum atic h e a r t  d is e a s e ,  m i t r a l  s t e n o s i s ,  a u r ic u la r  f i b r i l l a t i o n .  
H is to ry  of chorea a t  16 y ea rs ;  sh o r tn ess  of b re a th  and p a l p i t a ­
t io n  on e x e r t io n  fo r  p a s t  seven y e a rs .  In  1924, in d u c tio n  of 
c h i ld ,  on account of h e a r t  c o n d it io n ;  in  1926, l o s t  power of 
r i g h t  arm and le g ,  and speech -  made complete recovery . For two 
months p r io r  to  adm ission, dyspnoea worse, p a l p i t a t i o n s ,  nausea 
and vom iting , sw e ll in g  of leg s  and abdomen, and bad cough, w ith  
o c c a s io n a l ly  b lo o d -s ta in e d  sputum.
Admitted 13 .4 *29 : cheeks f lu sh ed , pronounced p u ls a t io n  in  
c e r v i c a l  v e in s ;  v e in s  engorged, f re q u en t cough; orthopnoea, marked 
dyspnoea and cy an o s is .  Temperature 98 .6° F. H eart: a p ic a l  impulse 
d i f fu s e  and f e e b le ,  l e f t  bo rder  52” from m id - lin e  in  f i f t h  space, 
en la rged  to  r i g h t  (deep ca rd ia c  d u l ln e ss  1 -^” to  r i g h t  of sternum ), 
s y s t o l i c  and d i a s t o l i c  murmurs a t  apex, a u r i c u la r  f i b r i l l a t i o n ;  
v e n t r i c u la r  r a t e  150 , r a d i a l  p u lse  120 . Lungs: d u l ln e s s  a t  b a se s ,  
im paired  b re a th  sounds, numerous f in e  c r e p i t a t i o n s ,  r e s p i r a t i o n s  
38. Abdomen: l i v e r  g r e a t ly  en la rg ed , te n d e r ,  a s c i t e s  p r e s e n t .  
Oedema o f  le g s ,  and lumbar back, and s l i g h t  p i t t i n g  of th ig h s .
U rine: S.G. 1030 , albumin p r e s e n t ,  a few h y a l in e  c a s t s .
D ischarged h e r s e l f ,  on 21 .4 *29 , a g a in s t  h o s p i t a l  adv ice , 
s t i l l  in  se r io u s  c o n d i t io n .
Case 27 . Female, aged 35 ; housewife, two c h i ld re n .  Heart 
f a i l u r e ,  rheum atic h e a r t  d is e a s e ,  m i t r a l  s te n o s is  and r e g u r g i t a t io n .  
H is to ry  of  chorea a t  10 y e a rs ,  and rheum atic fev e r  a t  30 y e a rs ,
I;
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b r e a th le s s n e s s  and p a l p i t a t i o n  on e x e r t io n  f o r  about 1-Jf y e a rs ,  
becoming worse s h o r t ly  befo re  adm ission.
Admitted 13*4*29 : mild c a rd iac  f a i l u r e ;  somewhat p a le ,  w ith  
a malar f lu s h ,  s l i g h t l y  dyspnoeic, not cyanosed. Temperature 
98 *6° F. H e a r t : moderately en la rg ed , l e f t  border 4*" from mid­
l i n e  in  f i f t h  space, a p ic a l  impulse f a i r l y  f o r c i b l e ,  p r e s y s t o l i c  
t h r i l l ,  s y s t o l i c  murmur a t  apex propagated  in to  a x i l l a ,  d i a s t o l i c  
murmur to  th e  r ig h t  of apex w ith  p r e s y s t o l i c  ac ce n tu a tio n ;  r a t e  
9 6 , r e g u la r .  Lungs: a few c r e p i t a t i o n s  a t  b ases , no d u l ln e s s  
d e te c te d ,  r e s p i r a t i o n s  2 2 . Abdomen: l i v e r  s l i g h t l y  en la rg ed , no 
a s c i t e s .  S l ig h t  oedema of le g s .  U rine: S.G. 1018 , no
albumin.
Discharged much improved 1 . 6 . 29 .
Case 2 8 . Female, aged 19 ; ch o c o la te  packer . Heart f a i l u r e ,  
rheum atic  h e a r t  d is e a s e ,  m i t r a l  s t e n o s i s  and r e g u r g i t a t io n ,  
a o r t i c  r e g u r g i t a t io n .  H is to ry  of growing p a in s ,  and f re q u e n t  
t o n s i l l i t i s ,  but not a c tu a l ly  of rheum atic f e v e r .  In  bed f o r  
some months befo re  adm ission w ith  in c re a s in g  dyspnoea, cough, 
sw e ll in g  of l e g s ,  back and abdomen.
Admitted 15.4*29: sev e re  co n g e s t iv e  h e a r t  f a i l u r e .  Malar 
f l u s h ,  s l i g h t l y  i c t e r i c ;  o r thopnoe ie , extrem ely dyspnoeic and 
m oderately  cyanosed, p u ls a t io n  of v e in s  in  neck, p e r s i s t e n t  
cough. Temperature 98*6° H eart: a p ic a l  impulse d i f f u s e ,  and 
f e e b le ,  l e f t  bo rder  6H from m id -lin e  in  s i x t h  space, en la rg ed  to  
r ig h t  (deep d u l ln e s s  1H beyond r ig h t  s t e r n a l  m arg in ), d i a s t o l i c
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and. blowing s y s to l i c  murmurs a t m i t r a l  a rea ,  ( tb e  l a t t e r  au d ib le  
a t  a l l  o th e r  a r e a s ) ,  a o r t i c  d i a s t o l i c  murmur conducted down th e  
sternum, r a t e  126 , r e g u la r .  Blood p re s s u re  112/55  Mm.  Lungs: s ig n s  
of congestion  and oedema both  bases (d u l ln e s s  and many f in e  c r e p i ­
t a t i o n s ) ,  r e s p i r a t i o n s  38. Abdomen: l i v e r  p a lp a b le  ju s t  below 
l e v e l  of u m b il icu s ,  te n d e r ,  a s c i t e s  p r e s e n t ;  genera l anasa rca  
p r e s e n t .  U rine: S.G. 1027 , albumin p r e s e n t ,  no c a s t s  seen.
26 . 4 -29 - Died. A utopsy not g ran ted .
Case 29 . Female, aged 48; housewife, th r e e  c h i ld re n .  Heart 
f a i l u r e ,  m i t r a l  s te n o s is  and r e g u r g i ta t io n .  Only h i s to r y  i s  t h a t  
of growing p a in s  when a g i r l .  Dyspnoea and p a l p i t a t i o n  on s l i g h t  
e x e r t io n  f o r  y e a rs .  Since beginning of A pril  1929 , dyspnoea a t  
r e s t ,  in c re a s in g  oedema and bad cough.
Admitted 2 3 .4 .29 : m alar f lu s h ,  p u ls a t io n  of c e r v ic a l  v e in s ,  
o r th o p n o e ic , dyspnoeic and s l i g h t l y  cyanosed. Temperature 97° 
H eart:  a p ic a l  impulse d i f f u s e  and f e e b le ,  l e f t  bo rder 6 ” from 
m id - l in e  in  s ix th  space, m oderately  en larged  to  r ig h t  (deep d u l l ­
ness  approx. 1” to  r ig h t  of s te rnum ), p r e s y s t o l i c  t h r i l l  a t  apex, 
d i a s t o l i c  and blowing s y s t o l i c  murmurs a t m i t r a l  a re a ,  th e  l a t t e r  
au d ib le  in  a x i l l a  and a t  b a c k ,s o f t  t r i c u s p i d  s y s t o l i c  murmur, r a t e  
120 , r e g u la r .  Lungs: d u l ln e s s  a t  b ases ,  more marked a t  r ig h t  
b ase , where d u l ln e s s  was a b s o lu te ,  a  r ig h t - s id e d  hydro thorax  being  
p r e s e n t ;  many moist sounds a t  l e f t  base , r e s p i r a t i o n s  35.
Abdomen: l i v e r  en la rged  to  le v e l  of u m b il icu s ,  te n d e r ,  a s c i t e s  
p r e s e n t .  Gross oedema of l e g s ,  th ig h s ,  and lower p a r t  of t r u n k ,
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and s l i g h t  p i t t i n g  of arms. U rine: S.G. 1028 , albumin p re se n t  
and an o ccas io n a l h y a lin e  c a s t .
28 .4 *29 - S lig h t improvement. P a ra c e n te s is  has been p e r -  
formed f o r  hydro thorax . Orthopnoea and dyspnoea s l i g h t l y  l e s s  
marked. Oedema has g r e a t ly  subsided  fo l lo w in g  good response to  
d i g i t a l i s  and theobromine sodium s a l i c y l a t e .
15 -5 -29 . ttuch improved. No dyspnoea a t  r e s t ,  s l i g h t  
cy a n o tic  t in g e  of l i p s ,  no orthopnoea, and no oedema. L iver 
s t i l l  p a lp a b le  but much sm a lle r ,  and not te n d e r .  Lungs p r a c ­
t i c a l l y  c l e a r .  No albumin in  u r in e .  P u l s e - r a te  80 . R e s p ira t io n s  20 .
8 .6 .2 9 .  D ischarged improved.
Case 30 - Female, aged 60 ; housew ife , t e n  c h i ld re n .  Heart 
f a i l u r e ,  ch ro n ic  b r o n c h i t i s  and emphysema, a u r i c u la r  f i b r i l l a t i o n .  
B re a th le s sn e s s  on e x e r t io n  and r e c u r r e n t  w in te r  cough f o r  y e a r s ;  
dyspnoea worse s ince  1928, orthopnoea being p re s e n t  a t  t im es . 
In c re a s in g  d i s a b i l i t y  and unable to  do any housework s in c e  
February 1929.
Admitted 25.4*29: fa c e  congested , engorgement and p u l s a t io n  
marked
of v e in s  in  n e c k , / e p i g a s t r i c  p u l s a t io n ,  o r th o p n o e ic , ex trem ely
dyspnoeic and cyanosed. Temperature $ 8 °  F. H eart: impulse not
f e l t ,  d u l ln e s s  cannot be d e te c te d  owing to  th e  w ell-m arked emphysema,
no o th e r  murmurs h ea rd , 
t r i c u s p i d  s y s t o l i c  murmur aud ib le  over lower p a r t  of s te rn u m ,/
a u r i c u la r  f i b r i l l a t i o n ;  v e n t r i c u l a r  r a t e  140, r a d i a l  p u lse  120.
Lungs: emphysema, rhonch i a l l  over, s c a t t e r e d  r a l e s ,  numerous
f i n e  c r e p i t a t i o n s  a t  bo th  bases  w ith  im paired  p e rc u s s io n  n o te ,
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r e s p i r a t i o n s  36. Abdomen: l i v e r  en la rg ed , te n d e r ,  p u ls a t in g ,  no 
a s c i t e s .  Oedema of f e e t  and le g s .  U rine: S.G. 1026 , albumin
p r e s e n t ,  no c a s t s  seen.
2 3 .5 .2 9 . Improved. No orthopnoea. S l ig h t  dyspnoea and 
cy an o s is .  No oedema. A few railes a t  lung  b ases ,  but l a t t e r  
g e n e ra l ly  much c l e a r e r .  R e sp ira t io n s  24. V e n tr ic u la r  r a te  80, 
no p u ls e  d e f i c i t .
8 .6 .2 9 .  D ischarged improved.
Case 3 1 ■ Female, aged 37, fo u r  c h i ld re n .  Heart f a i l u r e ,  
rheum atic h e a r t  d i s e a s e ,  m i t r a l  s t e n o s i s ,  a u r i c u la r  f i b r i l l a t i o n .  
Rheumatic f e v e r  a t  10 y e a r s .  S c a r le t  f e v e r  a t  20 y e a rs .
Dyspnoea and p a l p i t a t i o n  on s l i g h t  e x e r t io n ,  and sw e l l in g  of 
f e e t  a t  t im es , f o r  about s i x  months b e fo re  adm ission . For two 
weekB befo re  adm ission, somewhat b r e a th le s s  a t  r e s t ,  and 
t ro u b le d  w ith  cough.
Admitted 13.4*29: moderate c a rd ia c  f a i l u r e .  Malar f lu s h ,  
s l i g h t l y  o rthopnoeic  and dyspnoeic, cy an o tic  t in g e  in  cheeks and 
l i p s .  Temperature 97*6° H eart: a p ic a l  impulse s l i g h t l y  
d i f f u s e ,  l e f t  border 4^M from m id - l in e  in  f i f t h  space, m odera tely  
en la rged  to  r ig h t  (deep c a rd ia c  d u l ln e s s  l M to  r ig h t  of 
s te rnum ), s y s t o l i c  and d i a s t o l i c  murmurs a t  m i t r a l  a re a ,  a u r i c u la r  
f i b r i l l a t i o n ,  v e n t r i c u la r  r a te  120 , r a d i a l  p u lse  102 . Lungs: a 
few rhonchi in  f r o n t ,  and a few r a l e s  a t  bases , r e s p i r a t io n s  24. 
Abdomen: l i v e r  s l i g h t l y  en la rg ed , no a s c i t e s .  S l ig h t  oedema of 
l e g s .  U rine : S.G. 1022 , t r a c e  of albumin.
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26 .4 .29 . Condition improving w ith  d i g i t a l i s ,  hut th e re  
a re  s t i l l  s ig n s  of s l i g h t  congestive  f a i l u r e .  L iver  s l i g h t l y  
en la rg ed , and some oedema s t i l l  p re se n t  in le g s .  A few c r e p i ­
t a t i o n s  a re  heard  a t  base of r ig h t  lung . V e n tr ic u la r  r a t e  100 , 
r a d i a l  p u lse  88 . R e s p ir a t io n s  2 2 .
D ischarged much improved 1 5 .6 .2 9 .
Case 32 . Female, aged 39 > housew ife, s ix  c h i ld re n ,  no m is­
c a r r ia g e s .  Heart f a i l u r e ,  exophthalm ic g o i t r e ,  a u r ic u la r  
f i b r i l l a t i o n .  No h i s t o r y  of rheumatism. Sw elling  of th r o a t ,  
b r e a th le s s n e s s  and p a l p i t a t i o n ,  and exhaustion  s in c e  1925- Loss 
of weight s in c e  1927* For a few weeks b efo re  adm ission, dyspnoea 
and p a l p i t a t i o n  on s l i g h t  e x e r t io n .
Admitted 1 3 .6 .2 9 : m ild  degree of co n g es tiv e  f a i l u r e ;  s l i g h t l y  
dyspnoeic , but not cyanosed. C l in ic a l  s ig n s  of exophthalm ic 
g o i t r e .  H eart: a p ic a l  impulse f a i r l y  d i f f u s e ,  l e f t  border 5W from 
m id - l in e  in s i x t h  space, s y s t o l i c  b r u i t  heard a t  a l l  a re a s ,  a u r i ­
c u l a r  f i b r i l l a t i o n ,  v e n t r i c u l a r  r a t e  110 , r a d i a l  p u lse  96. Lungs: 
a few c ra c k le s  a t  b a ses ,  no d u l ln e s s ,  r e s p i r a t io n s  22 . Abdomen: 
l i v e r  s l i g h t l y  en la rged , no a s c i t e s .  S l ig h t  oedema of le g s .
U rine : S.G. 1016 , t r a c e  of albumin.
D ischarged improved 1 . 8 .29.
Case 33 . Female, aged 25 ; housewife, no c h i ld re n .  Heart 
f a i l u r e ,  s y p h i l i t i c  h e a r t  d is e a s e ,  a o r t i c  r e g u r g i t a t io n .  No 
h i s to r y  of rheumatism. P re c o rd ia l  pa in  and dyspnoea on e x e r t io n  
s in ce  1926 , and o ccas io n a l g id d in e s s .  In c re a s in g  dyspnoea, fo r  
fou r  weeks b e fo re  adm ission, a lso  sw elling  of f e e t ,  cough and 
g e n e ra l  weakness.
Admitted 17 - 6 .29 • somewhat pa le  w ith  cyano tic  t in g e  of 
cheeks, m oderately  o r th o p n o e ic , and dyspnoeic. Temperature 98° F. 
H eart: a p ic a l  impulse m oderately f o r c ib l e ,  bu t d i f f u s e ,  l e f t  
bo rder  5 ” from m id - l in e  in  s ix th  space, a o r t i c  s y s t o l i c  and 
d i a s t o l i c  murmurs, m i t r a l  s y s t o l i c  murmur propagated  towards 
a x i l l a ,  r a t e  100 , r e g u la r .  E lec trocard iogram : l e f t  v e n t r ic u la r  
preponderance, s l i g h t  in c re a se  in  P-R i n t e r v a l .  Blood p re ssu re  
130/50  mm. Lungs: s l i g h t l y  im paired b r e a th  sounds a t  b a se s ,  and 
f in e  m oist relies hea rd , r e s p i r a t i o n s  26 . Abdomen: l i v e r  en la rged , 
( l J H below c o s ta l  margin) no a s c i t e s .  Oedema of f e e t  and s l i g h t  
of le g s .  U rine: S.G. 1020 , t r a c e  of albumin. Wassermann r e a c ­
t i o n  p o s i t iv e  (++).
D ischarged a t  own r e q u e s t ,  2 6 .6 .2 9 .
Case 3d . Male, aged 21 ; b u tc h e r .  H eart f a i l u r e ,  rheum atic 
h e a r t  d is e a s e ,  m i t r a l  s t e n o s i s ,  a u r ic u la r  f i b r i l l a t i o n .  Rheumatic 
fe v e r  a t  seven y e a rs  and fre q u en t a t ta c k s  of t o n s i l l i t i s .  Dyspnoea 
on e x e r t io n  fo r  a  few y e a rs ,  much worse s in ce  May 1929 , and 
a s s o c ia te d  w ith  p a l p i t a t i o n s ,  cough and in c re a s in g  d i s a b i l i t y .  
Sw elling of le g s  and abdomen fo r  two weeks b e fo re  adm ission and 
vom iting  fo r  th re e  days.
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Admitted 19 -6 . 29 ; extreme congestive  h e a r t  f a i l u r e ,  almost 
moribund. O rthopnoeic, dyspnoeic and cyanosed ( th e  cyanosis  
be ing  a s s o c ia te d  w ith  jaund ice  and g iv in g  face  dusky-green t i n t ) .  
Marked venous p u ls a t io n  in  neck. Frequent cough. Temperature 97° F* 
H ea r t :  a p ic a l  impulse d i f fu s e  and f e e b le ,  l e f t  border 5^ ” from mid­
l i n e  in  f i f t h  space, en la rg ed  to  r i g h t  (deep c a rd ia c  d u l ln e s s  2H to  
r ig h t  of s te rnum ), s y s t o l i c  and d i a s t o l i c  murmurs a t  apex, a u r ic u la r  
f i b r i l l a t i o n ,  v e n t r i c u l a r  r a t e  160 , r a d i a l  p u lse  not p a lp a b le .
Lungs: rhonchi in  f r o n t ,  numerous f in e  moist r a l e s  a t both  bases , 
w ith  d u l ln e s s ,  and impaired b re a th  sounds, r e s p i r a t i o n s  36•
Abdomen: l i v e r  en larged  to  l e v e l  of um bilicus , te n d e r ,  p u l s a t in g ,  
a s c i t e s  p r e s e n t .  General anasarca  p r e s e n t .  U rine: S.G. 1026 ,
albumin p r e s e n t ,  no c a s t s  seen.
Died 12 hours l a t e r .  No autopsy g ran ted .
Case 35 - Male, aged 50 ; c o n t r a c to r .  Heart f a i l u r e ,  myocar­
d i a l  d e g e n e ra tio n , a r t e r i o - s c l e r o s i s ,  chron ic  i n t e r s t i t i a l  n e p h r i ­
t i s .  Since 1926 , headaches, d iz z in e s s ,  b re a th le s s n e s s  and occa­
s io n a l  p r e c o r d ia l  pa in  on e x e r t io n ,  s l i g h t  sw e l l in g  of ank les  a t  
n ig h t ,  d y sp ep tic  symptoms, and f a i r l y  f re q u en t b r o n c h i t i s .  Since 
May 1929 , dyspnoea on s l i g h t e s t  e x e r t io n ,  o f te n  n o c tu rn a l ,  and a t  
t im es , orthopnoea.
Admitted 2 .7 .2 9 ; h igh  co loured , o r thopnoe ic , markedly 
dyspnoeic and cyanosed, engorgement of c e rv ic a l  v e in s .  Temperature 
9 8 .2° F. H eart: apex beat im palpable, and c a rd ia c  d u l ln e s s  cannot 
be d e f i n i t e l y  d e te c te d  owing to  c o - e x i s t in g  w ell-m arked emphysema, 
apex p o s i t io n  as determ ined by a u s c u l ta t io n ,  6H to  l e f t  of mid- 
sternum in  s ix t h  space, rough s y s t o l i c  murmur a t  apex, second
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a o r t i c  sound accentuated-, r a t e  100 , r e g u la r .  E lec trocard iogram : 
l e f t  v e n t r i c u l a r  preponderance, QRS b iz a r r e  in le a d s  I I  and I I I ,  
in v e rs io n  of T in  lead  I I .  Blood p re s s u re  200/135 mm- Lungs: 
emphysema, s c a t te r e d  s i b i l a n t  rhonch i, numerous moist r a l e s  at 
bo th  bases , where p e rcu ss io n  no te  was im paired, r e s p i r a t io n s  28 . 
Abdomen: l i v e r  en larged , te n d e r ,  no a s c i t e s .  Oedema of le g s  and 
s l i g h t  p i t t i n g  of th ig h s .  U rine: 8 . 0 . 1014 , s l i g h t  albumin, a 
few h y a l in e  and g ran u la r  c a s t s .  R ad ia l a r t e r i e s  th ickened  and 
to r tu o u s .  Flame-shaped haemorrhages in  r e t i n a ,  and S c a t te re d  
w h ite  exuda tes . Blood u re a  60 mg. p e r  ce n t.
3 . 7 -29 - Dyspnoea and cyanosed r e l ie v e d  a f t e r  oxygen 
adm in i s t  r a t  io n .
2 0 .7 .29 . Has improved under t re a tm e n t .  Orthopnoea, but 
l i t t l e  dyspnoea, cyanosis  s l i g h t .  No oedema. L iv er  ju s t  
p a lp a b le .  No c r e p i t a t i o n s  a t  lung b ases .  P u lse  80 . R e sp ira ­
t i o n s  20 .
24.7*29. D ischarged a t own r e q u e s t , f o r  f u r t h e r  r e s t  a t home.
Case 36 . Female, aged 66; two c h i ld re n ,  and one m is c a r r ia g e .  
H eart f a i l u r e ,  s y p h i l i t i c  h e a r t  d i s e a s e ,  a o r t i c  r e g u r g i ta t io n ;  
dyspnoea on s l i g h t  e x e r t io n  f o r  about 12 months, and d u l l ,  p r e ­
c o r d ia l  p a in s ,  o cc as io n a l sw e l l in g  of f e e t  and in c re a s in g  d i s a ­
b i l i t y .
Admitted 18 .7 .29 ; p a le ,  s l i g h t  cy an o s is ,  moderate orthopnoea, 
and dyspnoea; venous p u l s a t io n  observed in  neck. Temperature 
9 7 .6 °  F. H ea rt:  a p ic a l  impulse d i f f u s e ,  and f e e b le ,  l e f t  border 
6 i H from m id - l in e  in  s ix t h  space, s l i g h t  d u l ln e s s  (about one
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f i n g e r ’s b read th )  d e te c te d  to  r ig h t  of sternum a t  l e v e l  of fo u r th  
r i b ,  a o r t i c  d i a s t o l i c  murmur conducted down sternum, m i t r a l  
s y s t o l i c  murmur p ropagated  towards a x i l l a ,  and s o f t  s y s t o l i c  
murmur au d ib le  in  t r i c u s p i d  area , r a t e  110 , r e g u la r .  Blood p r e s ­
su re  160/55  * E lec trocard iogram  su g g es tiv e  of an a rb o r i s a t io n
block , from th e  v e n t r i c u l a r  complexes. Lungs: im paired b re a th  
sounds and f in e  moist relies a t  both  bases , r e s p i r a t i o n s  JO. 
Abdomen: l i v e r  en larged  and te n d e r ,  no a s c i t e s .  Oedema of le g s .  
U rine: S.G. 1022 , albumin p re s e n t ,  no c a s ts  seen. Wassermann 
r e a c t io n  p o s i t i v e  (++).
22 .7 .29 . S lig h t improvement. Dyspnoea l e s s .  P u lse  96.
R e sp ira t io n s  2 6 .
29.7*29. Condition has d e te r io r a te d .  More dyspnoeic and 
o r th o p n o e ic . Numerous r a l e s  a t  lung bases ; l i v e r  in c re a se d  in 
s i z e ;  more oedema of le g s ,  s l i g h t  p i t t i n g  of th ig h s .  P u lse  120 , 
r e s p i r a t i o n s  34*
3 1 .7 .2 9 . Worse, dying; cyanosis  more marked to -d ay .
1 .8 .2 9 .  Died. Autopsy not g ran ted .
Case 37 . Female, aged 36; w a i t r e s s ,  s in g le .  Heart f a i l u r e ,
m yocardial d e g e n e ra tio n , ch ron ic  parenchymatous n e p h r i t i s .
Acute n e p h r i t i s  1924. Since then , dyspnoea and p a l p i t a t i o n  on 
e x e r t io n ;  d y sp ep tic  symptoms, headaches, d iz z in e s s ,  l o s s  of 
w eight and o cc as io n a l  sw e l l in g  of  a n k le s .  S ince A p r i l  1929 , 
in c re a s in g  dyspnoea, and sw e l l in g  of l e g s ,  a lso  cough and 
exhaust ion.
Admitted 2 5 .7 .29 . P a le , s l i g h t  cy an o s is ,  orthopnoea.
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Temperature 98° F. H eart: impulse d i f f u s e ,  l e f t  border 5i u 
from m id - lin e  in  s ix th  space , second a o r t i c  sound ac ce n tu a ted , 
m i t r a l  s y s t o l i c  murmur conducted to  a x i l l a ,  r a t e  114, r e g u la r .  
Blood p re s su re  168/110 ram. E lec trocard iogram : l e f t  v e n t r i c u l a r  
preponderance, in v e rs io n  of T in  le a d  I I .  Lungs: a few rhonch i 
in  f r o n t ,  d u l ln e s s  a t  bases and numerous f in e  c r e p i t a t i o n s  
h ea rd , r e s p i r a t i o n s  28 . Abdomen: l i v e r  s l i g h t l y  en la rg ed  ( l tt 
below c o s ta l  margin) no a s c i t e s .  Oedema of le g s  and s l i g h t  
p i t t i n g  of th ig h s .  Albuminuric r e t i n i t i s .  U rine: S.G. 1024 ,
albumin p r e s e n t ;  le u c o c y te s ,  h y a lin e  and o ccas io n a l f i n e ly  
g ra n u la r  c a s t s .  Blood u re a  J 2 mg. p e r  ce n t .
1 9 .9 -29 - C ondition worse. Marked dyspnoea and orthopnoea. 
P u ls a t io n  in  c e r v ic a l  v e in s .  L iver th r e e  f i n g e r s 1 b read th  below 
c o s t a l  margin and te n d e r .  Heart en larged  to  r i g h t ,  as w e ll  as  
to  l e f t  (deep c a rd ia c  d u l ln e s s  1H to  r i g h t  of s ternum ), a l l  
sounds s o f t .  Numerous m oist r a l e s  a t  lung  b ases . Oedema as 
b e fo re  w ith  s l i g h t  p i t t i n g  of lumbar back. P u lse  128 , r e g u la r .
R e sp ira t io n s  34 - In c l in e d  to  be drowsy and wandering a t  t im es .
Blood u re a  124 ®g- p e r  c e n t .
28.9*29. Died. Autopsy not g ran ted . T h is  p a t i e n t  was
c l i n i c a l l y  a case  of h e a r t  f a i l u r e ,  a l though  near  th e  end, she 
showed re n a l  symptoms and much more u re a  r e t e n t io n .
Case 3 8 . Male, aged 49; s tew ard . Heart f a i l u r e ,  chronic  
b r o n c h i t i s  and emphysema, a u r ic u la r  f i b r i l l a t i o n .  B ro n ch it is  
each w in te r  s in c e  1920. Dyspnoea on e x e r t io n  f o r  some y e a rs ;
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in c re a s in g  in  s e v e r i ty  s in c e  February 1929 , 8 i n°e tben  
orthopnoea a t t im es , and more or l e s s  co n s tan t cough. Sw elling  
of f e e t  and an k les ,  and p a l p i t a t i o n s  f o r  two months before  
adm ission.
Admitted 2 . 8 . 29 ; deeply  cyanosed; o r thopnoeic , and extrem ely 
dyspnoeic . Engorgement and p u ls a t io n  of v e in s  in  neck. W ell- 
marked e p i g a s t r i c  p u ls a t io n .  Temperature 98 -4° F. H eart: apex 
bea t not f e l t ,  no c a rd ia c  d u l ln e s s  d e te c te d  on account of th e  
marked emphysema, so f t  t r i c u s p i d  s y s t o l i c  murmur over lower 
sternum , no o th e r  murmurs heard , a u r i c u la r  f i b r i l l a t i o n ,  ven­
t r i c u l a r  r a t e  130, r a d i a l  p u lse  110 , ( t h i s  p a t i e n t f s e l e c t r o ­
cardiogram  showed normal rhythm when he a t ten d ed  th e  O u t-P a tien t  
Department in  Ju ly  1927)* Lungs: r e s p i r a t i o n s  JO, well-m arked 
s ig n s  of emphysema, rhonch i heard a l l  over, s c a t t e r e d  r a l e s ,  
numerous a t bo th  bases . Abdomen: l i v e r  en la rg ed , te n d e r ,  a s c i t e s  
p r e s e n t .  Oedema of f e e t  and le g s ,  and s l i g h t  p i t t i n g  of th ig h s .  
U rine: S.G. IO3O, albumin p r e s e n t ,  and a few h y a l in e  c a s t s .
R ad ia l  a r t e r i e s  not th ick en ed .
T ra n s fe r re d  to  an o th e r  h o s p i t a l  22 . 11 . 29 , c o n d i t io n  improved.
Case 39 . Male, aged J l ;  r ig g e r .  Heart f a i l u r e ,  s y p h i l i t i c  
h e a r t  d i s e a s e ,  a o r t i c  r e g u r g i ta t io n .  Dyspnoea and p a l p i t a t i o n  
on e x e r t io n  f o r  two y e a rs ,  a lso  g id d in e ss ,  and o ccas io n a l sub- 
s t e m a l  p a in .  Dyspnoea more severe  s in c e  March 1929 and unable 
t o  work s in o e .  Sw elling  of leg s  and bad cough s h o r t l y  befo re  
adm ission .
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Admitted 30*8 . 29; p a l e ,  o r thopnoe ic , dyspnoeic and s l i g h t l y  
cyanosed; f req u en t cough. Temperature 98*4° F. H eart: impulse 
d i f f u s e ,  l e f t  border from m id - lin e  in  s i* th  space, s y s t o l i c  
and d i a s t o l i c  murmurs o r ig in a t in g  in  a o r t i c  a re a  (no b asa l  t h r i l l ) ,  
m i t r a l  s y s t o l i c  murmur p ropagated  to  a x i l l a ,  and s l i g h t  s y s t o l i c  
murmur in  t r i c u s p i d  a re a ,  r a t e  100 , r e g u la r .  E lec trocard iog ram : 
in v e r te d  T in  le a d  I ;  l e f t  v e n t r i c u la r  p reponderance. Blood p r e s ­
su re  145/50  mm. Lungs: s c a t t e r e d  rhonch i, numerous, f in e  c r e p i t a ­
t io n s  a t  both bases , where p e rcu ss io n  no te  im paired; r e s p i r a t i o n s
32. Abdomen: l i v e r  en la rg ed , te n d e r ,  s l i g h t  a s c i t e s  p r e s e n t .
Gross oedema of le g s ,  th ig h s  and lumbar back, p i t t i n g  of abdominal 
w a ll  and s l i g h t l y  of arms. U rine: S.G. 1026 , albumin p r e s e n t ,  no 
c a s t s  seen. Wassermann r e a c t io n
2 .9 .2 9 .  S l ig h t ly  improved. Subsidence of oedema, fo llo w in g  
d i u r e s i s  up to  100 oz. in  p a s t  24 hours from in tram u scu la r
in j e c t i o n  of 0. 75  c c * no v asu ro l.  P u lse  96, r e s p i r a t i o n s  2 6 .
D ischarged h im self  home on 2 . 10.29  (co n d it io n  improved).
25 .10 .29 . Readmitted, w ith  recu r re n c e  of conges tive  h e a r t  
f a i l u r e .  O rthopnoeic, dyspnoeic and m oderately  cyanosed, h e a r t  
en la rg ed , congestion  and oedema both  lu n g  bases .  C onsiderab le  
oedema of le g s  and th ig h s ,  s l ig h t  "lumber pad" , en la rg ed , te n d e r  
l i v e r .  Urine co n ta in s  albumin. Temperature 98*6° F. P u lse  
r a t e  120, r e s p i r a t i o n s  32.
4 . 1 1 . 29 . S l ig h t  improvement. Dyspnoea l e s s ;  oedema d im in ished  
fo l lo w in g  d i u r e s i s  up to  89 oz. in  p a s t  24 hours .
1 4 .11 .29 . Continued improvement. No dyspnoea o r  cy an o s is .
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L iver  s l i g h t l y  p a lp a b le ,  not te n d e r .  Lung bases much c l e a r e r ,  
oedema of an k les  only. No albumin in  u r in e .  P u lse  84. R e sp ira ­
t io n s  22.
16 .11 .29 . D ischarged a t own r e q u e s t ,  f o r  f u r th e r  r e s t  a t  
home, h i s  c o n d i t io n  being  g e n e ra l ly  much improved.
Case 40 . Male, aged 69 ; no occupation . Heart f a i l u r e ,  
s y p h i l i t i c  h e a r t  d is e a s e ,  a o r t i c  r e g u r g i t a t io n ;  m yocardial 
d e g e n e ra tio n . Typhoid f e v e r  a t  32 y e a rs .  Since 1924 , dyspnoea 
and p a l p i t a t i o n  on e x e r t io n ,  g idd iness  and a t ta c k s  of p r e c o r d ia l  
p a in .  Since J u ly  19^9 , sw e l l in g  of f e e t ,  cough, and genera l 
exhaust io n .
Admitted 1 5 .9 .2 9 ; p a l e ,  o r thopnoeic , dyspnoeic and s l i g h t l y
cyanosed, p u l s a t io n  of c e r v i c a l  v e in s .  Temperature 98° F.
H ea rt:  a p ic a l  impulse d i f f u s e  and f e e b le ,  l e f t  border 6 i M from
m id - l in e  in  s ix th  space, s l i g h t  enlargement to  r i g h t  (deep d u l l -
ness  -  1“ to  r ig h t  of s ternum ), m i t r a l  s y s t o l i c  murmur, a o r t i c
s y s t o l i c  and d i a s t o l i c  murmurs, and a t r i c u s p id  s y s t o l i c  murmur
a l s o  a u d ib le ,  r a t e  110 , r e g u la r .  E lec trocard iog ram  shows r ig h t  
Blood p re s s u re  140/ 45 - 
bundle branch b lo c k . /  Lungs: s l i g h t  d u l ln e s s  a t  b a se s ,  moist
sounds p r e s e n t ,  r e s p i r a t i o n s  28 . Abdomen: l i v e r  enlarged, s l i g h t l y
te n d e r ,  no a s c i t e s .  Oedema of f e e t  and le g s .  U rine: S.G. 1022 ,
albumin p r e s e n t ,  no c a s t s  seen. Wassermann r e a c t io n  ++.
9 .1 0 .2 9 . Condition p r a c t i c a l l y  unchanged. Orthopnoea, 
e n la rg ed  l i v e r ,  oedema of le g s ,  r a l e s  a t  lu n g  b ases .  P u lse  116 . 
R e s p i r a t io n s  JO. E x tr a - s y s to le s  p r e s e n t .
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Discharged h im self  a g a in s t  h o s p i t a l  advice 2 7 .11 .29, s t i l l  
in  se r io u s  c o n d i t io n .
Died s h o r t ly  a f te rw ards  a t home.
Case 41 . Female, aged 28 ; housewife, no c h i ld re n .  Heart 
f a i l u r e ,  rheum atic  h e a r t  d is e a s e ,  m i t r a l  s t e n o s i s ,  a u r ic u la r  
f i b r i l l a t i o n .  Rheumatic f e v e r  a t  16 y e a rs ;  dyspnoea on e x e r t io n  
s in c e  January  1929 , sw e l l in g  of a n k le s ,  and s in c e  then  in c re a s in g  
dyspnoea, and p a l p i t a t i o n s ,  and bad cough, w ith  o c c a s io n a l ly  
b lo o d -s ta in e d  sputum. Unable to  do any housework s ince  August 1929*
Admitted 23 -9 *29 ; malar f lu s h ,  orthopnoea, marked dyspnoea and 
cy an o s is ;  f re q u e n t  cough. Engorgement and p u l s a t io n  of v e in s  in 
neck. Temperature 98 . 4° H eart: a p ic a l  impulse d i f f u s e ,  l e f t  
border 5" from m id - l in e  in  f i f t h  space, en la rged  t o  r ig h t  (deep 
c a rd ia c  d u l ln e s s  2” to  r i g h t  of s te rnum ), m i t r a l  s y s t o l i c  and 
d i a s t o l i c  murmurs, a lso  s o f t  s y s t o l i c  murmur in  t r i c u s p i d  a re a ,  
a u r i c u l a r  f i b r i l l a t i o n ,  v e n t r i c u l a r  r a t e  140, r a d i a l  p u lse  120. 
Lungs; d u l ln e s s  a t both b a s e s ,  im paired  b rea th  sounds, and numerous 
f i n e  c r e p i t a t i o n s ,  r e s p i r a t i o n s  J 2 . Abdomen: l i v e r  en la rg ed , 
te n d e r ,  p u l s a t in g ,  a s c i t e s  p r e s e n t .  Oedema of f e e t  and le g s ,  
s l i g h t  p i t t i n g  of th ig h s .  U rine*  8.G. 1028 , albumin p r e s e n t ,  no 
c a s t s  seen.
2 4 .9 .2 9 . Dyspnoea and cyanosis  r e l i e v e d  a f t e r  oxygen 
a d m in is t r a t io n .
27 .11 .29 . C onsiderab le  improvement. No orthopnoea or 
dyspnoea, cy an o tic  t in g e  of cheeks and l ip s .  Lung bases clear. No
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oedema. L iver  not p a lp a b le .  No albumin in  u r in e .  R e sp ira t io n s  
20 . V e n tr ic u la r  r a t e  7 0 , no p u lse  d e f i c i t .
30 . 11 . 29 . D ischarged much improved.
Case 42 . Female, aged 48; housew ife , two c h i ld re n .  Heart 
f a i l u r e ,  rheum atic h e a r t  d is e a s e ,  m i t r a l  s te n o s is ,  a u r ic u la r  
f i b r i l l a t i o n .  Rheumatic f e v e r  a t  23 y e a rs  and dyspnoea on 
e x e r t io n  p r a c t i c a l l y  ever s in c e .  In  1923 , had a l e f t  sided  
hem ip leg ia  from which she recovered . Since J u ly  1929 dyspnoea 
w orse, p a l p i t a t i o n s  and s w e l l in g  of le g s .
Admitted 25 -9 *29 > s l i g h t  m alar f lu s h ;  o r thopnoe ic , m oderately  
ayspnoeic  and cyanosed. P u ls a t io n  of c e r v ic a l  v e in s .  Temperature 
9 7 . 6° F. H eart: impulse d i f f u s e ,  l e f t  border g? from m id -lin e  
in  f i f t h  space, en la rged  to  r ig h t  (deep c a rd ia c  d u l ln e s s  l i w to  
r i g h t  of s ternum ), m i t r a l  s y s t o l i c  and d i a s t o l i c  murmurs, s o f t  
t r i c u s p i d  s y s t o l i c  murmur, a u r ic u la r  f i b r i l l a t i o n ,  v e n t r i c u l a r  
r a t e  120 , r a d i a l  p u lse  100 . Liangs: a  few moist r a l e s  a t  bases  
and s l i g h t l y  im paired b re a th  sounds, r e s p i r a t i o n s  26 . Abdomen: 
l i v e r  en la rg ed , te n d e r ,  no a s c i t e s .  Moderate oedema of le g s .  
U rine : S.G. 1024 , s l i g h t  albumin, no c a s t s .
28 .9 .2 9 . P a t ie n t  d e c l in e d  to  remain in  h o s p i t a l  and d i s ­
charged  h e r s e l f ,  s t i l l  in  f a i r l y  s e r io u s  c o n d i t io n .  Subsequent 
h i s t o r y  not known.
Case 43 . Female, aged 38; housew ife. Heart f a i l u r e ,  
rheum atic h e a r t  d is e a s e ,  m i t r a l  s te n o s is ,  and r e g u r g i t a t io n ,
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a u r i c u la r  f i b r i l l a t i o n .  Rheumatic f e v e r  a t  1 J  y e a rs .  Subject 
to  o cc as io n a l a t ta c k s  of b ro n c h i t i s  s in c e .  Dyspnoea on e x e r t io n  
f o r  some y ea rs .  In  1926 , a t ten d ed  O u t-P a tie n t  Department of 
L iverpoo l Heart H o sp ita l ,  and diagnosed as m i t r a l  s te n o s i s  and 
r e g u r g i ta t io n  (normal rhythm p re se n t  a t  t h a t  t im e ) .  Since Ju ly  
1929, dyspnoea more se v e re ,  p a l p i t a t i o n s ,  ex h au stio n , sw e ll in g  
of an k les  and bad cough.
Admitted 27*9 *29; malar f lu s h ,  o r thopnoe ic , dyspnoeic and 
m oderately  cyanosed; p u l s a t io n  in  c e r v i c a l  v e in s .  Temperature 
98° F. H eart: impulse d i f f u s e ,  l e f t  border 6M from m id - l in e  in  
s ix th  space, en la rg ed  to  r ig h t  (deep c a rd ia c  d u l ln e s s  l i M to  
r ig h t  of s ternum ), s y s t o l i c  and d i a s t o l i c  murmurs a t apex, th e  
form er be ing  p ropagated  w e l l  in to  a x i l l a ,  and au d ib le  a t  a l l  
o th e r  a re a s ,  a u r ic u la r  f i b r i l l a t i o n ,  v e n t r i c u l a r  r a t e  1J0, r a d i a l  
p u ls e  100 . Lungs: a few rhonchi in f r o n t ,  d u l ln e s s  and f in e  
moist r i l e s  a t  both  bases , r e s p i r a t io n s  30. Abdomen: l i v e r  
en la rg ed , te n d e r ,  no a s c i t e s .  Oedema of f e e t  and le g s .  U rine: 
S.G. 1024 , albumin p r e s e n t ,  no c a s t s .
22 . 10 . 29* C onsiderab ly  improved. V e n tr ic u la r  r a t e  J 2 , no 
p u ls e  d e f i c i t .  R e s p ir a t io n s  18 , lung  b&ses c l e a r .  No dyspnoea, 
cy a n o s is ,  or p u l s a t io n  of v e in s  in  neck; l i v e r  ju s t  p a lp a b le .
No oedema, and no albumin in  u r in e .
i 5 . l l . 2 9 .  D ischarged improved.
Case M -  Male, aged 58; no occupation . H eart f a i l u r e ,  
rheum atic  h e a r t  d i s e a s e ,  m itred  s t e n o s i s ,  a o r t i c  r e g u r g i t a t io n ,  
ch ro n ic  b r o n c h i t i s  and enphysema. Rheumatic f e v e r  a t 28 y ea rs
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and "h ea r t  t ro u b le "  s in c e .  B ro n c h it is  each w in te r  s in ce  1920 . 
Complaining of sh o r tn e s s  of b rea th  and p a l p i t a t i o n  on e x e r t io n ,  
and o cc as io n a l  g id d in ess  f o r  a  few y e a rs ,  worse s in c e  June 1929 , 
when exhaustion  and sw e ll in g  of le g s  developed.
Admitted 7 *10 . 29 ; o rthopnoea, marked dyspnoea and cy an o s is .  
Engorgement and p u ls a t io n  of v e in s  in  neck. Well-marked e p ig a s ­
t r i c  p u l s a t io n .  Temperature 9^ . 4° F. H eart: apex beat im palpable, 
no c a rd ia c  d u l ln e s s  made out owing to  well-marked emphysema, p r e -  
s y s t o l i c  and s y s t o l i c  murmurs a t apex, l a t t e r  au d ib le  a t  a l l  o th e r  
a re a s  and in  a x i l l a ,  a o r t i c  d i a s t o l i c  murmur conducted down sternum, 
h e a r t  sounds f a i n t ,  r a t e  114 , r e g u la r .  Blood p re s s u re  140/65  nam* 
Lungs: emphysema, s c a t t e r e d  rh o n c h i , and r a l e s , numerous c r e p i t a t  ions 
a t bo th  bases ,  r e s p i r a t i o n s  32. Abdomen: l i v e r  enlarged, and te n d e r ,  
a s c i t e s  p r e s e n t .  Oedema of f e e t  and le g s .  U rine: S.G. 1025 , 
albumin p re se n t ,  a few h y a l in e  c a s t s .  Wassermann r e a c t io n  n e g a t iv e .
8 .1 0 .2 9 . Dyspnoea and cyanosis  l e s s  a f t e r  oxygen admin i s t r a -
t  io n .
1 1 .1 0 .2 9 . C ondition worfle. Died to -d a y .  Autopsy: Lungs 
l a rg e  and emphysematous, both  bases congested and oedematous. 
C ard iac  hypertrophy  and d i l a t a t i o n .  A o rt ic  va lve  s c l e r o t i c  and 
c a lc a re o u s ,  opening s tenosed  and incom petent. Patchy atheroma
of lower a o r ta .  C alcareous p laque a t  edge of one coronary a r t e r y ,  
but bo th  v e s s e ls  p a te n t  throughout cou rse . M itra l  valve th ic k en e d , 
s tenosed  and incom petent. T r icu sp id  o r i f i c e  en la rg ed . "Nutmeg" 
l i v e r .  Spleen shows venous conges tion . Kidneys show ea r ly  
a r t e r i o - s c l e r o t i c  changes, and venous co n g es tio n , l a t t e r  more 
marked in  r i g h t .
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Case 45 - Male, aged 53; p a i n t e r .  Heart f a i l u r e ,  s y p h i l i t i c  
a o r t i c  r e g u r g i ta t io n ;  chron ic  b r o n c h i t i s  and emphysema. H is to ry  
of b r o n c h i t i s  s in c e  1914 -  pensioned  fo r  b r o n c h i t i s  -  a lso  g id d i ­
n e s s ,  sh o r tn e ss  of b re a th  on e x e r t io n .  S ho rtly  before  adm ission 
became dyspnoeic at r e s t ,  and f e e t  and le g s  became swollen.
Admitted 11 . 11 . 29 ; o rthopnoea, marked dyspnoea and cy an o s is ;  
engorgement and p u ls a t io n  of c e r v ic a l  v e in s ,  well-m arked e p ig a s t r i c  
p u l s a t io n .  Temperature 99° **. H eart:  apex beat obscured by emphy­
sema, but i t s  p o s i t io n ,  as determ ined by a u s c u l ta t io n ,  i s  in s i x t h  
space, 6H to  l e f t  of mid-sternum, m i t r a l  s y s t o l i c  murmur propagated 
to  a x i l l a ,  double a o r t i c  f,t o - a n d - f r o ” murmur, s o f t  t r i c u s p i d  s y s ­
t o l i c  murmur, r a t e  100 , r e g u la r .  Blood p re s s u re  I3O/6O mm. Lungs: 
emphysema, rhonch i a l l  over , s c a t t e r e d  r S le s ,  numerous a t bo th  
b ases ,  r e s p i r a t i o n s  28. Abdomen: l i v e r  en la rg ed , te n d e r ,  no 
a s c i t e s .  Oedema of f e e t  and le g s ,  and s l i g h t  of back. U rine:
S.G. 1024 , albumin p re se n t,  no c a s ts  seen . Wassermann r e a c t io n  ++.
15*1 1 -29 . T ra n s fe r re d  to  an o th e r  h o s p i t a l .
Case 46 . Male, aged 60 ; co ld  s to ra g e  worker. Heart f a i l u r e ,  
ch ro n ic  b r o n c h i t i s  and emphysema. B ro n ch i t is  each w in te r  s in c e  
1919 -  severe  a t ta c k  p a s t  w in te r .  Dyspnoea on e x e r t io n  f o r  some 
y e a rs ,  and more o r  l e s s  co n s tan t s in c e  beginning  of 1929. S ince 
September 1929 , oedema of f e e t  and p a l p i t a t i o n s .
Admitted 14 . 11 . 29 ; h igh  co loured , venous p u l s a t io n  and 
engorgement in  neck. E x te rn a l  v e in s  of chest d i l a t e d .  W ell- 
marked e p i g a s t r i c  p u l s a t io n .  O rthopnoeic, extrem ely dyspnoeic 
- and cyanosed. Temperature 97° F *
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H eart: a p ic a l  in p u lse  obscured, c a rd ia c  d u l ln e s s  ab sen t,  on 
account of th e  marked emphysema, h e a r t  sounds f a i n t ,  so f t  t r i ­
cuspid  r e g u r g i ta n t  murmur aud ib le  over lower p a r t  of sternum, 
no o th e r  murmurs heard , r a t e  112 , r e g u la r .  Blood p re ssu re  
138/86 mm. Lungs: well-m arked s ig n s  of emphysema, rhonchi a l l  
over, and s c a t t e r e d  r a l e s ;  f in e  c r e p i t a t i o n s  a t  both bases, 
where p e rc u s s io n  note was im paired , r e s p i r a t io n s  32. Abdomen: 
l i v e r  en la rg ed , p u l s a t in g ,  no a s c i t e s .  C onsiderab le  oedema of 
l e g s ,  s l i g h t  p i t t i n g  of th ig h s .  U rine: S.G. 1026 , albumin 
p r e s e n t ,  no c a s t s  seen. R ad ia l a r t e r i e s  not th ick en ed .
20 . 11 . 29 . R e l ie f  in  dyspnoea, and cyanosis  l e s s  marked, 
fo l lo w in g  oxygen in h a la t io n s .
21 .11 .29 . Died. No autopsy.
Case 47 - Female, aged 24 ; p i a n i s t .  Heart f a i l u r e ,  rheu­
m atic  h ea r t  d is e a s e ,  m i t r a l  s t e n o s i s ,  and r e g u r g i t a t io n ,  a u r i ­
c u la r  f i b r i l l a t i o n .  H is to ry  of t o n s i l l i t i s ,  growing p a in s  and 
“h e a r t  d i s e a s e ” a t  ten  y e a rs ,  and s in c e  th e n ,  s h o r tn e s s  of b re a th  
on e x e r t io n .  Since J u ly  1929 , dyspnoea more pronounced, a lso  
p a l p i t a t i o n s ,  bad cough, and in c re a s in g  oedema.
Admitted 2 5 .11 . 29 ; malar f lu s h ,  o r th o p n o e ic ,  dyspnoeic and 
cyanosed; p e r s i s t e n t  cough, marked venous p u l s a t io n  in  neck. 
Temperature 9 8 .6°  F. H eart: a p ic a l  impulse d i f f u s e ,  l e f t  border 
5 iw from m id - l in e  in  s ix t h  space, en la rged  to  r ig h t  (deep c a rd ia c  
d u l ln e s s  to  r ig h t  of s ternum ), m i t r a l  s y s t o l i c  and d i a s t o l i c  
murmurs p r e s e n t ,  ( th e  s y s t o l i c  murmur b e in g  f a i r l y  loud and heard
a t  a l l  o th e r  a r e a s ) ,  a u r ic u la r  f i b r i l l a t i o n ,  v e n t r i c u l a r  r a t e  
160 , r a d i a l  p u ls e  120 . Lungs: d u l ln e s s  a t  both  bases ,  d im in ished  
b r e a th  sounds, and la rg e  number of moist r a l e s  p r e s e n t ,  r e s p i r a ­
t i o n s  34 - Abdomen: l i v e r  en la rged , te n d e r ,  a s c i t e s  p re s e n t .
C onsiderab le  oedema of l e g s ,  and s l i g h t l y  a lso  of th ig h s  and 
lumbar back. U rine: S.G. 1030, albumin p r e s e n t ,  and an o ccas io n a l 
h y a l in e  c a s t .
1 . 12 . 29 . C ondition  p r a c t i c a l l y  unchanged, but oedema l e s s  
marked and b re a th in g  l e s s  laboured . V e n tr ic u la r  r a t e  120 . R ad ia l 
p u ls e  100 . R e sp ira t io n s  30.
1 .1 .3 0 .  Improved. No orthopnoea, but s t i l l  s l i g h t l y  
dyspnoeic, and s l i g h t l y  cyanosed. L iver sm a lle r ,  no
a s c i t e s .  S l ig h t  oedema of le g s .  R e s p ira t io n s  24* V e n tr ic u la r  
r a t e  88, no p u ls e  d e f i c i t .
1 9 .1 .3 0 .  C onsiderably  improved. No dyspnoea, s l i g h t  cy an o tic  
t in g e  of l i p s .  No engorgement of c e r v i c a l  v e in s .  No oedema.
L iv e r  ju s t  p a lp a b le .  Heart r a t e  78, no p u lse  d e f i c i t .  R e sp ira ­
t io n s  20.
2 2 .1 .3 0 . D ischarged improved.
Subsequent h i s t o r y . Readmitted to  L iverpool Heart H o sp ita l  
on 15 .IO .30 , w ith  re c u rren ce  of g ross  co n g es tiv e  f a i l u r e ,  and 
e v e n tu a l ly  d ied  on 1 9 . I . 3 I .  Autopsy g ran ted , and p r in c ip a l  f i n d ­
ings were :«* H ea rt:  gen e ra l hypertrophy  and d i l a t a t i o n ;  w a ll  of 
l e f t  a u r i c l e  showed i r r e g u la r  a rea s  of th ick en ed  endocardium 
and th e re  were re c e n t ,  sm all, nodu lar  v e g e ta t io n s  on th e  m i t r a l ,  
a o r t i c  and pulmonary valve f l a p s .  M it ra l  va lve  s tenosed  and
incom petent. T r icu sp id  o r i f i c e  en la rg ed . Nutmeg l i v e r ,  a.nd 
venous congestion  a lso  of sp le en . Capsule of each k idney s t r ip p e d  
e a s i ly ,  c o r te x  looked normal and m edulla congested . Right k idney 
l a r g e r  than l e f t .
A p a th o lo g ic a l  r e p o r t  on th e  post-mortem m a te r ia l  of t h i s  
case  was r e c e iv e d  from P ro fe sso r  J .  M. B e a t t ie ,  Honorary P a th o lo ­
g i s t  and B a c te r io lo g is t  t o  th e  L iverpool Heart H o sp i ta l ,  who d i s ­
covered two p o in t s  of s p e c ia l  i n t e r e s t .  These were as fo llo w s : -  
( l )  H e a r t : L eft a u r ic le  showed, naked eye, i r r e g u la r  a reas  of
th ic k e n in g  of endocardium. These were w ell seen in s e c t io n  and 
were newly formed f ih ro u s  t i s s u e .  The f ib r o b l a s t s  were w e ll  
marked, and o th e r  c e l l s  scan ty  in  s u p e r f i c i a l  a re a s .
S p leen* Marked congestion  of pu lp  s in u s e s .  The a r t e r i e s  in  
th e  Malpighian bodies had th ickened  w a lls  and in  a few, th e  new 
f ib r o u s  t i s s u e  was h y a l in e .  S c a t te re d  through th e  organ were 
sm all masses of a  G ram -positive ooccus; they were so massed -  
fo rm ing  p lu g s  in  some v e s s e ls  -  t h a t  i t  was d i f f i c u l t  to  d e f in e  
them. P ro fe s s o r  B e a t t i e ’s view was t h a t  they  were s t r e p to c o c c i  
r a th e r  them s ta p h y lo co c c i .
Summing up th e  r e p o r t ,  P ro fe sso r  B e a t t ie  s t a t e s  th a t  th e  whole 
c o n d i t io n  suggested  p a th o lo g ic a l  changes a s s o c ia te d  w ith  a ch ron ic  
h e a r t  c o n d i t io n ,  th e  i n t e r e s t i n g  p o in ts  being  th e  p resence  of 
organisms in th e  sp leen  (not found in  any o th e r  organ) and th e  
th ick en ed  p a tc h e s  on th e  endocardium of th e  a u r i c l e .
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Ca.ee 48 . Female, aged 33; housew ife. Heart f a i l u r e ,  rh eu ­
m atic  h e a r t  d i s e a s e ,  m i t r a l  s te n o s is  and r e g u r g i t a t io n .  No h i s ­
to ry  of rheum atic f e v e r ,  hu t h i s to r y  of growing p a in s .  S c a r le t  
fe v e r  a t  14 y e a rs .  Dyspnoea and p a l p i t a t i o n  on e x e r t io n  fo r  some 
y e a r s .  During 1927, was an in - p a t i e n t  in  L iverpoo l Heart H o sp i ta l ,  
w ith  mild congestive  f a i l u r e .  Since then , has kept f a i r l y  w e l l ,  
h u t  fo llow ing  an a t ta c k  of  b r o n c h i t i s  two months b e fo re  adm ission, 
th e  dyspnoea became worse, sw e llin g  o f  the  leg s  developed, and 
she has been unable  to  do any housework.
Admitted 29 .11 .29 . Cheeks f lu sh ed ,  engorgement of v e in s  in  
neck; o r th o p n o e ic , dyspnoeic and m oderately  cyanosed. Temperature 
97° F. H eart: a p ic a l  impulse d i f f u s e ,  l e f t  bo rder  6 jr tt from mid­
l i n e  in  s ix th  space, en la rg ed  to  r i g h t  (deep ca rd ia c  d u l ln e ss  l ^ ,f 
to  r i g h t  o f  s te rn u m ), p r e s y s to l i c  t h r i l l  a t  apex, p r e s y s to l i c  and 
s y s t o l i c  m i t r a l  murmurs, th e  l a t t e r  au d ib le  a t  a l l  o th e r  a re a s ,  
in  a x i l l a ,  and a t  back, r a t e  120 , r e g u la r .  Lungs: f a i r l y  numerous 
rh o n ch i,  d u l ln e s s  a t  b a s e s ,  im paired b r e a th  sounds, and la rg e  num­
b e r  of f in e  c r e p i t a t i o n s ,  r e s p i r a t i o n s  3 4 * Abdomen: l i v e r  en la rg ed , 
s l i g h t l y  te n d e r ,  no a s c i t e s .  Oedema of leg s  and lumbar back.
U rine : S.G. 1025, t r a c e  of albumin, no c a s ts  seen .
1 2 .1 .3 0 . Considerably  improved, p r a c t i c a l l y  no s igns  of 
h e a r t  f a i l u r e .  No dyspnoea a t  r e s t ,  s l i g h t  cy an o tic  t in g e  of l i p s ,  
no engorgement of v e in s  in  neck. Bases of lungs c l e a r .  L iver 
s l i g h t l y  p a lp a b le ,  bu t no t te n d e r .  No oedema. No albumin in  
u r in e .  P u lse  r a t e  80, R e sp ira t io n s  20.
Discharged improved I 8 . I . 3O.
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Case 4-9. Female, aged 60; housew ife. Heart f a i l u r e ,  myo­
c a r d i a l  deg en era tio n , a r t e r i o - s c l e r o s i s , a o r t i c  r e g u r g i t a t io n .  
D ip h th e r ia  a t  30 y e a rs ,  no o th e r  d is e a s e s .  Complains of s h o r t ­
ness  of b r e a th  and p a l p i t a t i o n  on e x e r t io n ,  p r e c o r d ia l  p a in ,  
g id d in e ss  and o cc as io n a l f a in tn e s s  fo r  some y e a rs .  Since Ju ly  
1929 , dyspnoea and p a l p i t a t i o n  more marked, in c re a s in g  exhaustion  
and sw e llin g  of f e e t  and ank les towards evening.
Admitted 6 .1 .3 0 ; o rthopnoeic , dyspnoeic, and m oderately 
cyanosed; engorgement of ve in s  in  neck. H eart: a p ic a l  impulse 
d i f f u s e ,  s l i g h t l y  f o r c ib l e ,  l e f t  bo rder  6^ n from m id -lin e  in  
s ix t h  space, one f i n g e r ’ s b read th  of deep ca rd iac  d u lln e ss  
d e te c te d  to  r i g h t  of sternum, a o r t i c  s y s t o l i c  and d i a s t o l i c  mur­
murs, s y s t o l i c  murmur a t  apex, p ropagated  to  a x i l l a ,  r a t e  104 , 
r e g u la r .  Blood p re s su re :  180/70 mm. E lec trocard iogram : L eft 
v e n t r i c u l a r  preponderance; in v e rs io n  of T in  le ad s  I and I I .
Lungs: d u l ln e s s  a t  bo th  b a s e s ,  and numerous f in e  c r e p i t a t i o n s  
h ea rd , r e s p i r a t i o n s  28. Abdomen: l i v e r  2” below c o s ta l  margin, 
te n d e r ,  no a s c i t e s .  Oedema of le g s .  U rine: S.G. 1024, albumin 
p re s e n t  and an o ccas io n a l h y a lin e  c a s t .  R ad ia l a r t e r y  i r r e g u l a r l y  
th ick en ed . Wassermann r e a c t io n  n e g a t iv e .
7 . 2 . 3 0 . C onsiderably  improved. S l ig h t  dyspnoea on e x e r t io n ,  
no^cyanosis . Lungs c l e a r .  No oedema or a lbum inuria . P u lse  7 6 . 
R e sp ira t io n s  20.
1 2 .2 .3 0 . Discharged improved.
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Case 5 0 . Female, aged 21 ; t h e a t r e  a t te n d a n t .  Heart f a i l u r e ,  
i n f e c t iv e  e n d o c a rd i t i s ,  rheum atic h e a r t  d is e a s e ,  m i t r a l  s te n o s is  
and r e g u r g i t a t io n ,  a o r t i c  r e g u r g i t a t io n .  Rheumatic fev e r  a t  14 
y e a rs .  H is to ry  of in c re a s in g  sh o r tn ess  of b re a th  and p a l p i t a t i o n  
on e x e r t io n ;  weakness and exhaustion  fo r  about th re e  y e a rs ,  worse 
fo r  th re e  months b efo re  adm ission , and a s s o c ia te d  w ith  cough, and 
sw e llin g  of le g s .
Admitted 17 . 12 . 29 : p a le ,  th in ,  m oderately dyspnoeic; no 
cy a n o s is .  Temperature 100*2° F. H eart: impulse d i f fu s e  and weak, 
l e f t  bo rder  6 M from m id - l in e  in  s ix th  space, m oderately  en larged  
to  r i g h t  (deep ca rd iac  d u l ln e s s  1" to  r i g h t  of s ternum ), p re s y s ­
t o l i c  and s y s t o l i c  m i t r a l  murmurs ( th e  l a t t e r  loud and heard  a t  
a l l  o th e r  a r e a s ) , and a well-marked blowing a o r t i c  d i a s t o l i c  
murmur p re se n t  and conducted down sternum, r a t e  114, r e g u la r .
Blood p re ssu re  110/40  mm. Lungs: im paired  b re a th  sounds, and 
f in e  m oist r a l e s  a t  b a s e s ,  r e s p i r a t i o n s  28 . Abdomen: l i v e r  and 
sp leen  en la rg ed , no a s c i t e s .  Oedema of f e e t  and an k le s .  U rine: 
S.G. 1022 , t r a c e  of albumin, and a few red  b lood  c e l l s .  Wassermann 
r e a c t io n  n e g a t iv e .
15 . 1 . 30 , Condition of c a rd ia c  f a i l u r e  p r a c t i c a l l y  as above, 
dyspnoea, orthopnoea, r&les a t  bases  of lungs, h e p a t ic  and sp le n ic  
en largem ent, and oedema o f  le g s .  Blood c u l tu re  p o s i t iv e ,  s t r e p ­
to c o c c i  be ing  p re s e n t .  Temperature 100° F. P u lse  112 .
R e s p i r a t io n s  26 .
21 . 2 . 3 0 . C ondition  unchanged. Temperature 100° F. P u lse
120 . R e s p ira t io n s  30 .
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1 . 3 . 3 0 * D ischarged, a t  own r e q u e s t .  Died s h o r t ly  a f t e r ­
wards a t  home.
Case 5 1 . Female, aged 14; s c h o o lg i r l .  Heart f a i l u r e ,  
rheum atic h e a r t  d is e a s e ,  m i t r a l  s te n o s is  and r e g u r g i t a t io n .  
Rheumatic fe v e r  in  1926 and chorea in  1927 , and sh o r tn e ss  of  
b r e a th  on e x e r t io n  s in c e .  Since September 1929 , in c re a s in g  
dyspnoea, w ith  p a l p i t a t i o n s ,  cough and sw ellin g  of f e e t  end 
le g s ,  and dyspepsia .
Admitted 20 . 1 .30 : malar f lu s h ,  engorgement and p u ls a t io n  
of  c e rv ic a l  v e in s ,  cyanosed, o rthopnoeic  and dyspnoeic , p e r s i s ­
t e n t  cough. Temperature 99° F. H eart:  impulse d i f f u s e ,  l e f t  
b o rd e r  5 i H from m id - lin e  in  s ix th  space, en larged  to  r i g h t  (deep 
c a rd ia c  d u l ln e s s  l £ M to  r i g h t  of sternum) p r e s y s to l i c  t h r i l l  a t  
apex, f i r s t  sound loud and s lap p in g  a t  m i t r a l  a r e a ,  second p u l­
monic sound ac ce n tu a te d ,  d i a s t o l i c  and s y s t o l i c  murmurs a t  m i t r a l  
a re a ,  the l a t t e r  murmur be ing  aud ib le  a t  a l l  o th e r  a r e a s ,  and in  
a x i l l a ,  r a t e  124 , r e g u la r .  Lungs: s c a t te r e d  rh o n ch i,  d u l ln e s s  a t  
b o th  b a s e s ,  d e f i c i e n t  b r e a th  sounds and numerous f in e  c r e p i t a t i o n s ,  
r e s p i r a t i o n s  32 . Abdomen: l i v e r  en la rg e d ,  te n d e r ,  a s c i t e s  p r e s e n t .  
C onsiderab le  oedema of le g s ,  and s l i g h t  p i t t i n g  o f  th ig h s .  U rine: 
S.G. 1026 , albumin p re s e n t ,  no o a s ts  seen .
25.2.3O. Condition very  s e r io u s .  Orthopnoeic and very 
dyspnoeic , w ith  well-m arked s ig n s  o f  congestion  and oedema a t  lung 
b a s e s .  G eneral an asa rca  now p re s e n t ,  and a  d im in ished  u r in a ry  o u t ­
pu t (Ifl o z .  in  p a s t  24 h o u rs ) .  R ig h t-s id e d  hydrothorax  p r e s e n t .
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P ulse  130 . R e sp ira t io n s  38.
26 . 2 . 30 . P a t ie n t  f e e l s  e a s i e r .  Prompt d iu r e s i s  up to  100 02. 
in  p a s t  24 hours fo llow ing  in tram u scu la r  i n j e c t io n  of 1 cc . nova- 
s u r o l  on 2 5 .2 .3 0 ,  and dyspnoea r e l i e v e d  a f t e r  p a ra c e n te s is  
t h o r a c i s .
This p a t i e n t  m ain ta ined  a s l i g h t  improvement a f t e r  t h i s ,  b u t 
a week l a t e r  (on 6.3*30) she suddenly became unconscious and d ied  
(? c e re b ra l  embolism). Autopsy not g ran ted .
Case 5 2 . Male, aged 31 ; d i v e r ' s  linesm an. Heart f a i l u r e ,  
i n f e c t iv e  e n d o c a rd i t i s ,  rheum atic h e a r t  d is e a s e ,  m i t r a l  s te n o s is  
and r e g u r g i t a t io n ,  a o r t i c  r e g u r g i t a t io n .  Rheumatic fever  a t  11 
y e a rs ;  and h i s to r y  of growing p a in s .  M alaria  th re e  tim es in  
S ie r r a  Leone. H is to ry  of sh o r tn e ss  of  b re a th  and p a l p i t a t i o n  on 
s l i g h t  e x e r t io n  f o r  about f iv e  months b e fo re  adm ission , worse 
s in c e  December 1929 , and a s s o c ia te d  w ith  bad cough, sw e llin g  of 
f e e t  and in c re a s in g  weakness.
Admitted 5 .2 .3O: p a le ,  orthopnoea, and dyspnoea, no cy an o s is ,  
p u l s a t io n  in  c e rv ic a l  v e in s .  Temperature 101° F. H eart: impulse 
d i f f u s e ,  and weak, l e f t  b o rd er  5 i H from m id - l in e  in  s ix th  space, 
en la rg ed  to  r i g h t  (deep h e a r t  d u l ln e s s  extends s l i g h t l y  over l w 
to  r i g h t  of s te rn u m ), p r e s y s t o l i c  and s y s t o l i c  m i t r a l  murmurs, 
( l a t t e r  p ropagated  in to  a x i l l a  and au d ib le  a t  a l l  o th e r  a r e a s ) , 
a o r t i c  d i a s t o l i c  murmur conducted down sternum , s y s t o l i c  murmur 
in  t r i c u s p i d  a re a ,  r a t e  130 , r e g u la r .  Blood p re s su re  120/60  mm. 
Lungs: rhonch i in  f r o n t ,  s l i g h t  d u l ln e s s  a t  b a s e s ,  numerous f in e
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c r e p i t a t i o n s ,  r e s p i r a t i o n s  34* Abdomen: l i v e r  and sp leen
e n la rg ed , no a s c i t e s .  S l ig h t  oedema of le g s .  U rine: S.G. 1018 , 
t r a c e  of albumin, no c a s t s  orR.B.C. seen. Wassermann r e a c t io n  
n e g a t iv e .  Blood c u l tu re  p o s i t iv e  -  pure growth of s t r e p to c o c c i  
from a l l  tu b e s .
Died on I5 .2 .3O . D iagnosis confirmed a t  au topsy , c h ie f  
p o in ts  of l a t t e r  be ing  as fo llow s : -
Cardiac d i l a t a t i o n  -  l e f t  v e n t r i c l e  m oderately h y p er tro p h ied , 
r i g h t  v e n t r i c l e  en larged  t r a n s v e r s e ly .  A ortic  valve showed p r e ­
sence of th ic k ,  g r i t t y ,  f a i r l y  re c e n t  v e g e ta t io n s ,  encroaching on 
m i t r a l  o r i f i c e .  Evidence of  chron ic  e n d o c a rd i t is  o f  m i t r a l  v a lv e ,  
which was s tenosed  and incom petent. T ricu sp id  o r i f i c e  d i l a t e d .  
L iver en la rg ed  and stenosed ,venous co n g es tio n . Spleen en la rg ed  
and congested , two i n f a r c t s  p re s e n t .  Kidneys s l i g h t l y  en la rged  
and congested , no v i s i b l e  i n f a r c t s .  C o r t ic e s  normal. Congestion 
and oedema a t  bases  of  lungs .
Case S3 . Male, aged 64; pho tographer. H eart f a i l u r e ,  myo­
c a r d i a l  d eg e n e ra tio n , a r t e r i o s c l e r o s i s ,  a o r t i c  r e g u r g i t a t io n .
Ho h i s to r y  o f e t i o l o g i c a l  f a c t o r s .  Complains of g id d in e s s ,  im pair­
ment o f  memory, p r e c o rd ia l  p a in ,  and sh o r tn e s s  of b re a th  on s l i g h t  
e x e r t io n  fo r  12 months. Since January 1930 n o c tu rn a l  a t ta c k s  of 
dyspnoea, Orthopnoea, cough, sw ellin g  of f e e t ,  and g en e ra l  
ex h a u s tio n .
Admitted 10 . 2 .3 0 . P a le ,  o r thopnoe ic , dyspnoeic and s l i g h t l y  
cyanosed, s l i g h t  engorgement of c e r v i c a l  v e in s .  Temperature 98° F.
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H eart:  a p ic a l  impulse d i f f u s e  and f e e b le ,  l e f t  border from 
m id -lin e  in s ix t h  space, s y s t o l i c  murmur a t  apex p ropagated  to  
a x i l l a ;  double a o r t i c  " to - a n d - f r o H murmur p r e s e n t ,  e x t r a - s y s to le s  
and p u lsu s  a l t e r n a n s ,  r a t e  120 . E lectrocaxdiogram  shows T igh t 
bundle branch b lock . Blood p re s su re  165/80  mm. Lungs; b rea th  
sounds impaired a t  bases , and f in e  moist r a l e s  p r e s e n t ,  r e s p i r a ­
t i o n s  30. Abdomen: l i v e r  en la rg ed , te n d e r ,  no a s c i t e s .  Oedema 
of le g s .  Urine: S.G. 1024 , s l i g h t  albumin, and an o ccas io n a l
h y a l in e  c a s t .  Wassermann r e a c t io n  n e g a tiv e .  R ad ia l a r te ry  i r r e ­
g u la r ly  th ick en ed .
P a t ie n t  d ischarged  h im se lf  a g a in s t  h o s p i t a l  advice on 1 9 -2 . 30 , 
s t i l l  in  s e r io u s  c o n d i t io n . Subsequent h i s to ry  not known.
Case 54 - Male, aged 40> c le rk .  H eart f a i l u r e ,  in f e c t iv e  
e n d o c a rd i t i s ,  rheum atic h e a r t  d i s e a s e ,  m i t r a l  s t e n o s i s  and r e g u rg i ­
t a t i o n ,  a o r t i c  r e g u r g i t a t io n .  Rheumatic f e v e r  1914> usubacute 
rheumatism" in 1925. S c a r le t  fe v e r  a t  12 y e a rs .  In f lu e n z a  in 
November 1929 and s in ce  th en , co n p la in in g  of in c re a s in g  b re a th ­
le s s n e s s ,  g id d in e ss  and f a in tn e s s ,  bad cough, sw e l l in g  of an k les  
and marked weakness and exhaustion .
Admitted I9 .2 .3O ; p a le ,  o rthopnoeic  and dyspnoeic, cy an o tic  
t in g e  of cheeks. Temperature 100 . 4° F- H eart: d i f f u s e ,  f e e b le  
im pulse, l e f t  border 6" from m id - l in e  in  seven th  space, en la rged  
to  r ig h t  (deep c a rd ia c  d u l ln e s s  s l i g h t l y  over 1" to  r i g h t  of 
s te rnum ), rough p r e s y s t o l i c  murmur a t  m i t r a l  a r e a  and loud m i t r a l  
s y s t o l i c  murmur, au d ib le  a t  a l l  o th e r  a r e a s ,  and in  a x i l l a ,
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blowing a o r t i c  d i a s t o l i c  murmur conducted down sternum, r a t e  120, 
r e g u la r .  Blood p re ssu re  120/45 Lungs: numerous f in e  c r e p i ­
t a t i o n s  a t  b o th  b a se s ,  and s l i g h t  impairment of p e rcu ss io n  n o te ,  
r e s p i r a t i o n s  30. Abdomen: l i v e r  and sp leen  en la rg ed , some f re e  
f l u i d  p r e s e n t .  Oedema of f e e t  and s l i g h t  of le g s .  U rine:
S.G. 1024» albumin p re s e n t ,  red  b lood c e l l s ,  a few hy a lin e  c a s t s .  
Wassermann r e a c t io n  n e g a t iv e .  Blood c u l tu re  p o s i t iv e  ( s t r e p t o ­
cocc i p r e s e n t ) .
I4.3.3O* Died. Autopsy not g ran te d .
Case 5 5 . Male, aged 65; no occupation . Heart f a i l u r e ,  
a r t e r i o - s c l e r o s i s , a o r t i c  s te n o s is  and r e g u r g i t a t io n ,  chronic 
b r o n c h i t i s  and emphysema, a u r ic u la r  f i b r i l l a t i o n .  G iddiness, 
s l i g h t  impairment of memory, headaches, dyspnoea on e x e r t io n ,  
and o c c a s io n a l  p r e c o r d ia l  p a in ,  coming on fo r  some y e a rs .  
B ro n c h i t is  each w in te r  s in ce  1922 . For a few weeks b e fo re  admis­
s io n  orthopnoea, oedema o f  le g s ,  p a l p i t a t i o n s  and d y spep tic  
symptoms.
Admitted 16 . 4 -30 : o rthopnoea, marked dyspnoea and cy a n o s is ,  
engorgement and p u ls a t io n  of c e r v i c a l  v e in s ,  w ell-m arked e p ig a s ­
t r i c  p u ls a t io n .  Temperature 98° F. H eart: apex b e a t  im palpable, 
and ca rd ia c  d u l ln e s s  obecured by emphysema, s y s t o l i c  t h r i l l  above 
r i g h t  c l a v i c l e ,  a o r t i c  s y s t o l i c  murmur conducted upwards in to  
neck , a o r t i c  d i a s t o l i c  murmur conducted down sternum , m i t r a l  
s y s t o l i c  murmur p rapagated  towards a x i l l a ,  maximum in  s ix t h  
space , 6* to  l e f t  of m id - l in e ,  h e a r t  sounds f a i n t ,  a u r ic u la r
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f i b r i l l a t i o n ,  v e n t r i c u la r  r a t e  140 , r a d i a l  p u lse  110. Lungs: 
emphysema, rhonchi a l l  over , s c a t te r e d  r a l e s ,  numerous a t  b a ses ,  
where p e rcu ss io n  note im paired , r e s p i r a t i o n s  3 2 . Abdomen: l i v e r  
en la rg ed , te n d e r ,  a s c i t e s  p r e s e n t . Oedema of le g s  and lumbar 
back . U rine: S.G. 1026 , albumin p r e s e n t ,  a  few h y a l in e  c a s t s .  
R ad ia l  a r t e r y  i r r e g u la r ly  th ick en ed . Wassermann r e a c t io n  n eg a tiv e
25 . 5 -3 0 - Improved. Dyspnoea and cyanosis  s l i g h t .  S l ig h t  
oedema of le g s  only . L iver sm a lle r ,  no t te n d e r .  Lung bases  much 
c l e a r e r .  F a in t  t r a c e  of  albumin in  u r in e .  V e n tr ic u la r  r a t e  8 0 , 
no p u lse  d e f i c i t .  R e sp ira t io n s  24 -
2 9 . 5 -3 0 . D ischarged a t  own r e q u e s t .
Case 5 6 . Female, aged 14 ; s c h o o lg i r l .  H eart f a i l u r e ,  
rheum atic h e a r t  d is e a s e ,  m i t r a l  s t e n o s i s ,  a o r t i c  r e g u r g i t a t io n ;
? adheren t pericard ium . Rheumatic fe v e r  a t  s ix  y e a rs .  Chorea 
a t  e ig h t ,  and o ccas io n a l a t ta c k s  of to n s i lL i t i s ,  from the  l a s t  of 
which, about 12 months b e fo re  adm ission , p a t ie n t  d a te s  her 
dyspnoea and p a l p i t a t i o n  on e x e r t io n .  For a  few weeks b e fo re  
adm ission , orthopnoea, sw e llin g  of le g s  and bad cough.
Admitted I8 .6 .3O ; malar f lu s h ,  o r thopnoe ic , m oderately  
dyspnoeic and f a i r l y  well-marked cy a n o s is ,  engorgement of v e in s  
in  neck. Temperature 980 F. H eart:  b u lg in g  and p u ls a t io n  of 
p r e c o rd ia l  re g io n ,  apex impulse d i f fu s e  and f o r c i b l e ,  l e f t  b o rder  
5" from m id - l in e  in  s ix th  space, en la rg ed  to  r i g h t  (deep ca rd ia c  
d u l ln e s s  1 h *  to  r i g h t  o f  s te rn u m ), s y s t o l i c  r e t r a c t i o n  in  fo u r th  
and f i f t h  sp aces , s y s t o l i c  and f a i n t  d i a s t o l i c  murmurs a t  m i t r a l
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a re a ,  f a i n t  d i a s t o l i c  murmur down th e  sternum, r a t e  110, r e g u la r .  
Blood p re s su re  98/60 mm. Lunge: s l i g h t  impairment of b re a th  
sounds a t  b a s e s ,  and a  few f in e  m oist r a l e s ,  r e s p i r a t i o n s  28. 
Abdomen: l i v e r  en la rg ed , te n d e r ,  no a s c i t e s .  Oedema of le g s .  
U rine: S.G. 1025 , t r a c e  o f  albumin, no c a s t s .  Wassermann r e a c t io n  
n e g a t iv e .
16.7.30* Died. Autopsy not g ran te d .
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